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BREEDING  SEABIRDS  AT  THE  HULL  OF  GALLOWAY 

By  R.C.  DICKSON 
Wigtownshire  Representative, 

Royal  Society  for  the  Protection  of  Birds 


Introduction 

The  Mull  of  Galloway  lies  at  the  western  end  of  the  Solway 
Firth  and  at  the  northern  end  of  the  Irish  Sea;  it  is  the  south- 
ernmost extremity  of  the  western  mainland  coast  of  Scotland. 
The  Mull  is  largely  composed  of  precipitous  cliffs  up  to  60-80 
metres  high.  Grassland,  grazed  by  sheep  and  cattle,  covers  the 
tops  of  the  cliffs,  and  at  the  southern  tip  there  is  a manned 
lighthouse.  Belowpart  of  the  cliffs  at  Gallic  Craig  there  is  a 
small  area  of  boulder  scree  and  a small  rock  stack.  The  breeding 
seabirds  are  concentrated  on  a stretch  of  cliffs  at  the  south  end 
about  900  metres  long. 

At  Port  Mona/Nick  of  Kindrum,  about  5 kilometres  north-west 
of  the  Mull,  there  is  another  small  colony  of  breeding  seabirds. 
The  cliffs  here  are  also  precipitous  up  to  50-60  metres  high; 
longrazed  heather,  bracken  and  grasses  cover  the  immediate  top. 
The  New  Statistical  Account  mentions  seabirds  breeding  in  Kirk- 
maiden  parish  (1839)  but  whether  this  refers  to  the  Mull  of  Gallo- 
way or  to  the  whole  western  peninsula  is  not  clear.  Thus  Port 
Mona  may  be  a new  breeding  site,  or  it  may  have  existed  for  much 
longer. 

According  to  Gray  and  Anderson  (1869)  the  Mull  was  an  ex- 
tensive breeding  place  for  "seafowl”,  and  they  described  the 
seabirds  in  general  terms.  J.B.  Haugh,  writing  on  14th  June 
1912,  "Determined  this  day  to  give  the  Mull  as  good  an  examination 
as  possible  and  stayed  there  practically  all  day,  mostly  close 
up  to  the  lighthouse  and  half  mile  upon  west  side.  Saw  two  cor- 
morants, razorbills,  common  gulls,  puffins,  three  gannets  far  out, 
three  black  guillemots.  The  whole  bird  colony  at  the  Mull,  gulls, 
puffins  and  razorbills  probably  does  not  consist  of  more  than 
80-100  birds.  I probably  saw  all  the  colony  today  in  my  long 
watch.  I only  saw  two  young  razorbills  on  the  whole  cliff. 
Seeing  the  black  guillemot  was  good".  Conversely,  Baxter  and 
Rintoul  (1953)  considered  that  the  Mull  was  so  devoid  of  ledges 
that  comparatively  few  seabirds  nested  there. 

In  1962  the  Mull  of  Galloway  was  notified  by  the  Nature 
Conservancy  Council  as  a Site  of  Special  Scientific  Interest 
(S.S.S.I.)  and  in  1973  the  boundary  was  extended  north-west  to 
include  Crammog  Head  (see  Fig.  1 for  boundaries) . In  1976  the 
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Figure  ll  The  Mull  of  Galloway. 
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Royal  Society  for  the  Protection  of  Birds  leased  40  acres  of  the 
headland  and  this  is  now  one  of  the  R.S.P.B.  reserves. 

Regular  counts  were  made  from  1969,  usually  between  1700- 
2000  hours  and  between  the  9th  and  13th  day  of  each  month  de- 
pending on  weather  conditions.  Counts  were  made  in  the  months 
of  June  1969,  May  and  June  1970-71,  and  April,  May,  June  and  July 
1972-75.  All  counting  was  done  from  land  and  there  were  appar- 
ently no  sites  invisible  from  this  situation.  For  ease  of  coun- 
ting the  cliffs  were  divided  into  units,  as  follows.  In  1969-71 
into  two  units:  areas  1 and  2 (Gallie  Craig)  and  3 and  4 (Mull 
of  Galloway).  In  1972-75  into  four  units:  (1)  Gallie  Craig 
West,  (2)  Gallie  Craig,  (3)  Mull  of  Galloway  and  (4)  Mull  of 
Galloway  East  (Fig.  2). 

Nesting  seabirds  are  generally  difficult  to  count  and  each 
species  has  its  own  counting  difficulties.  Problems  in  deter- 
mining numbers  are  given  under  individual  species.  Until  a 
more  satisfactory  method  is  found  of  assessing  auk  numbers,  these 
counts  only  give  some  indication  of  their  numbers;  Harris  (1976) 
suggests  that  6-10  counts  are  needed  in  a single  month  to  attain 
an  accuracy  of  at  least  10%. 

FULMAR  Fulrmrus  glaoiatis 

Fulmars  were  first  seen  prospecting  at  the  Mull  between 
1928  and  1931,  and  the  first  nests  were  found  in  1932  (Fisher, 
1966) . There  were  10  pairs  at  Gallie  Craig  on  31st  July  1955, 
24  pairs  on  5th  July  1959,  30  pairs  in  1961,  "quite  a few"  on 
16th  July  1963,  six  birds  at  Gallie  Craig  and  1-2  pairs  at  the 
lighthouse  on  16th  May  1965  (A.D.  Watson). 

Since  1969  the  numbers  of  apparently  occupied  sites  have 
been  coionted  and  the  results  are  given  in  Table  1.  These  sites 
may  include  some  nests  without  eggs  because  of  the  presence  of 
non-breeding  birds,  but  the  proportion  of  these  birds  is  not 
known.  If  all  the  sites  are  considered,  then  there  has  apparently 
been  a gradual  decrease  in  numbers  since  the  June  1969  count, 
with  a low  count  of  14  sites  in  1971  followed  by  an  increase  in 
1972  to  45  sites;  the  increases  range  from  20%  to  80%  between 
1972  and  1975. 

At  Port  Mona  Fulmars  were  breeding  in  1942.  Table  2 gives 
the  results  of  counts  from  1969  to  1975. 

CORMORANT  Fhdlaovooorax  oarho 

Neither  Gray  (1869)  nor  Baxter  and  Rintoul  (1953)  mention 
the  Cormorant  as  a breeding  species,  but  Haugh  saw  two  at  the 
Mull  on  14th  June  1912.  Smith  (1969)  thought  the  Mull  may  have 
been  a new  breeding  site.  A.D.  Watson  has  provided  the  following 
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counts:  several  nests  on  31st  July  1955,  four  nests  on  10th 

July  1959,  about  six  pairs  on  16th  July  1962,  twelve  nests  on 
31st  May  1965.  Smith  counted  18  nests  on  28th  June  1964,  14 
nests  on  25th  June  1967  and  13  nests  on  29th  June  1968. 

From  1969  nests  were  counted  directly.  Most  were  found  at 
Gallie  Craig  or  Gallie  Craig  West.  Table  1 shows  that  numbers 
have  been  decreasing  since  1969,  with  very  low  numbers  in  1973 
(one  nest) . In  1975  there  was  a slight  improvement  to  eleven 
nests.  It  is  perhaps  interesting  to  note  that  Cormorants  have 
apparently  been  steadily  decreasing  on  the  nearby  Scar  Rocks 
(Young,  1968)  but  Cormorants  have  been  shown  to  have  local  shifts 
of  their  nest  sites  from  year  to  year  (Balfour  et  al.,  1967). 

No  Cormorants  have  been  found  breeding  at  Port  Mona. 

SHAG  Fhalaorooorax  aristotelis 

Gray  and  Anderson  (1869)  recorded  Shags  breeding  in  the  caves 
at  the  Mull.  "Large  numbers"  have  been  noted  since  1955  (A.D. 
Watson) , and  50-60  pairs  were  breeding  in  1968  (Watson  and  Young, 
1968) . 

Occupied  nests  were  counted  directly  from  1969,  either  when 
the  adults  were  sitting  or  when  there  were  young  in  the  nest. 
Most  of  the  nests  were  in  open  sites  on  all  cliff  faces,  but  the 
largest  concentrations  were  found  below  the  lighthouse.  Shags 
have  a prolonged  and  variable  breeding  season  (some  lay  in  Feb- 
ruary) and  the  results  of  the  counts  since  1969  are  given  in 
Table  1.  Peak  counts  were  made  in  June  in  most  years,  except  in 
1973  and  1974  when  there  were  minor  peaks  in  May.  There  was 
apparently  a gradual  increase  from  70  pairs  in  June  1969  to  99 
pairs  in  June  1971  but  since  then  numbers  have  remained  relatively 
stable. 

One  pair  has  occasionally  bred  at  Port  Mona;  two  pairs  in  1975. 

GREAT  BLACK-BACKED  GULL  Larus  marinus 

Not  noted  by  Gray  and  Anderson  (1869)  or  by  Baxter  and  Rin- 
toul  (1953).  An  adult  was  seen  on  the  cliffs  on  10th  July  1959 
and  two  pairs  nested  in  1965 . Three  pairs  bred  in  1969  and  1970, 
one  pair  bred  in  1972  and  1973,  and  two  pairs  in  1974.  One  pair 
bred  at  Port  Mona  in  1969,  1972  and  1973. 

LESSER  BLACK-BACKED  GULL  Larus  fusaus 

One  pair  bred  in  1967 (Watson  and  Young,  1970). 

HERRING  GULL  Larus  argentatus 

Recorded  by  Gray  and  Anderson  (1869)  in  the  breeding  sea- 
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son  at  the  Mull. 

Occupied  nests  were  counted  directly  from  1969,  when  birds 
were  obviously  breeding.  The  April  counts  are  the  number  of 
individual  birds  or  pairs  holding  territories,  but  some  non- 
breeders may  have  been  counted.  Peak  counts  varied  throughout 
the  years  but  in  most  years  they  occurred  in  May,  except  in  June 
1971  and  1974.  June  counts  are  probably  less  reliable  because 
by  then  most  eggs  have  hatched.  As  the  Herring  Gull  is  an  ex- 
panding species  elsewhere,  it  is  surprising  that  the  counts 
apparently  show  a gradual  reduction  in  numbers,  at  least  in  the 
June  counts,  although  there  was  an  increase  to  147  nests  in  1974 
(Table  1). 

Herring  Gull  numbers  at  Port  Mona  were  relatively  steady, 
but  showed  a slight  increase  in  1972  to  36  pairs  enable  2) . 


COMMON  GULL  Lotus  oanus 

Mentioned  by  Gray  and  Anderson  (1869)  and  also  by  Haugh 
(1912) , but  it  is  just  possible  that  this  species  may  have  been 
confused  with  the  Kittiwake.  No  Common  Gulls  now  breed. 


KITTIWAKE  Rissa  tvidaatyla 

Not  noted  by  Gray  and  Anderson  (1869)  but  they  may  have 
confused  this  species  with  the  Common  Gull  which  they  stated  was 
a common  breeding  bird.  In  1956  150  pairs  were  seen;  breeding 
confirmed  in  1958,  and  by  1959  there  were  two  groups  consisting 
of  155  and  10  nests  (Coulson,  1963).  The  first  birds  probably 
bred  at  Gallie  Craig  in  1960-61;  a pair  was  present  in  1959  but 
no  nest  was  seen;  there  were  4-5  pairs  in  1963  and  75  pairs  in 
1965  (A.D.  Watson).  In  1967  523  nests  were  counted  (Watson  and 
Young,  1970) . 

Since  1969  Kittiwakes  have  been  found  breeding  at  all  levels 
on  all  cliff  faces.  Individual  nests  with  birds  present  were 
counted  directly  and  each  nest  was  treated  as  a breeding  pair. 
The  results  are  given  in  Table  1,  but  the  proportion  of  non- 
breeding birds  was  not  determined.  Peak  counts  varied  through- 
out the  years  but  generally  they  reached  the  highest  numbers  in 
Jime,  except  in  July  1972  and  1974  when  prospecting  birds  must 
have  been  counted.  Numbers  fluctuated  throughout  the  years  but 
reached  a peak  in  1974  of  441  nests,  which  is  65.9%  more  than 
Coulson  recorded  in  1959. 

Table  2 shows  that  Kittiwakes  have  evidently  been  increasing 
at  Port  Mona,  and  reached  a peak  of  82  pairs  in  1972. 
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RAZORBILL  Aloa  torda 

Not  mentioned  by  Gray  and  Anderson  in  1869.  Haugh  found  a 
few  breeding  in  1912.  Baxter  and  Rintoul  (1953)  recorded  the 
Razorbill  as  a breeding  species. 

Since  Razorbills  make  no  nest,  and  the  nests  or  young  are 
usually  hidden,  it  makes  this  species  especially  difficult  to 
census  accurately.  Razorbills  at  the  Mull,  however,  nest  in 
scattered  pairs  in  exposed  crevices,  cracks,  and  on  the  ledges  of 
the  cliff  faces,  and  as  the  Mull  is  practically  devoid  of  deep 
nesting  cavities  a bird  sitting  in  one  of  these  exposed  positions, 
apparently  associated  with  egg  or  chick,  was  treated  as  a breeding 
pair.  The  proportion  of  non-breeding  birds,  however,  could  not 
be  determined.  The  results  of  the  counts  are  given  in  Table  I. 
Peak  counts  were  usually  found  in  June,  except  in  July  1972  which 
probably  included  counts  of  prospecting  birds. 

Razorbill  numbers  have  apparently  increased  slightly  at  Port 
Mona  since  1969,  and  reached  a peak  of  33  pairs  in  1974. 


GUILLEMOT  Uria  aalge 

Not  mentioned  by  Gray  and  Anderson.  Noted  by  Haugh  in  June 
1912.  Recorded  by  Baxter  and  Rintoul  as  a breeding  species, 

A difficult  species  to  count;  it  is  especially  difficult 
to  tell  the  number  of  breeding  pairs  by  the  individuals  counted 
on  the  ledges.  A head  count,  however,  was  made  of  all  birds 
sitting  facing  the  cliffs  in  a half  crouching,  fluffed-out  manner, 
using  the  method  first  described  by  Gibson  (1950);  these,  and 
any  birds  associated  with  egg  or  chick,  were  treated  as  breeding 
(Table  I). 

Table  2 summarises  the  June  counts  at  Port  Mona. 


BLACK  GUILLEMOT  Cepphus  grylle 

Not  recorded  by  Gray  and  Anderson.  Haugh  saw  three  on  14th 
June  1912.  In  1955  the  lighthousekeepers  told  A.D.  Watson  that 
they  "had  been  nesting".  In  1959  seven  were  seen  on  the  sea 
near  the  light,  and  in  1965  five  pairs  and  in  1966  two  pairs 
were  noted  (A.D.  Watson).  Most  Black  Guillemots  from  1969  were 
located  at  the  caves  and  under  the  boulders  at  the  rock  stack  at 
Gallic  Craig.  Although  a difficult  species  to  prove  breeding, 
birds  seen  on  the  sea  in  display  or  flying  into  the  caves  or  under 
the  boulders  were  treated  as  breeding.  Table  I summarises  the 
June  numbers  at  the  Mull  and  Table  2 shows  the  June  counts  for 
Port  Mona. 
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Table  I. 

Seabird  Counts  at 

the  Mull 

of  Galloway 

1969-76 

• 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

FULMAR  (Nest-sites) 

April 

- 

- 

- 

26 

3 

51 

12 

May 

- 

19 

7 

31 

13 

8 

15 

June 

25 

21 

14 

45 

30 

38 

36 

July 

- 

- 

- 

29 

38 

31 

26 

CORMORANT 

(Nests) 

April 

- 

- 

- 

Nil 

2 

6 

5 

May 

- 

4 

2 

Nil 

1 

6 

8 

June 

6 

10 

2 

7 

1 

6 

11 

July 

- 

- 

- 

2 

1 

6 

9 

SHAG  (Nests) 

April 

- 

- 

- 

38 

71 

75 

65 

May 

- 

70 

27 

39 

95 

80 

69 

June 

78 

83 

99 

78 

86 

76 

74 

July 

- 

- 

- 

12 

57 

39 

19 

GREAT  BLACK- BACKED  GULL 

(Nests) 

June 

3 

3 

Nil 

1 

1 

2 

Nil 

HERRING  GULL  (Nests)  ( 

*individuals  present) 

April 

- 

- 

- 

*238 

*282 

*242 

*430 

May 

- 

206 

78 

106 

145 

134 

161 

June 

102 

101 

88 

92 

87 

147 

90 

July 

- 

- 

- 

8 

39 

100 

2 

K ITT  I WAKE 

(Nests)  (*numbers 

on  ledges) 

April 

- 

- 

- 

*301 

*42 

*323 

*101 

May 

- 

399 

250 

31 

383 

190 

190 

June 

416 

314 

351 

363 

417 

- 441 

376 

July 

- 

- 

- 

462 

373 

500 

235 

RAZORBILL 

(Pairs) 

April 

- 

- 

- 

Nil 

8 

6 

Nil 

May 

- 

163 

121 

44 

143 

35 

160 

June 

151 

192 

189 

147 

168 

269 

189 

July 

- 

- 

- 

212 

70 

236 

87 
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Table  I cont’d. 

GUILLEMOT  ('Pairs') 

April 

- 

- 

Nil 

Nil 

Nil 

Nil 

May 

267 

61 

213 

149 

122 

609 

June  414 

503 

455 

519 

482 

655 

613 

July 

- 

- 

716 

638 

516 

315 

BLACK  GUILLEMOT  (Pairs 

seen) 

June  5 

1 

3 

1 

1 

8 

7 

Table  2 . 

Summary  of  June 

counts 

at  Port 

Mona 

1969-75. 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

FULMAR  (Nest-sites) 

June 

9 

7 

7 

3 

5 

5 

5 

SHAG  (Nests) 

June 

Nil 

1 

1 

Nil 

Nil 

Nil 

2 

G.B.B.  GULL  (Nests) 

June 

1 

Nil 

Nil 

1 

1 

Nil 

Nil 

HERRING  GULL  (Nests) 

June 

18 

23 

15 

36 

24 

27 

12 

KITTIWAKE 

(Nests) 

June 

12 

59 

70 

82 

76 

79 

74 

RAZORBILL 

(Pairs) 

June 

10 

28 

19 

24 

29 

33 

23 

GUILLEMOT 

('Pairs') 

June 

2 

44 

69 

54 

101 

67 

85 

BLACK  GUILLEMOT  (Pairs 

seen) 

June 

Nil 

2 

2 

Nil 

2 

Nil 

4 
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PUFFIN  Frateroula  avct-ioa 

Gray  and  Anderson  (1869)  recorded  that  the  Puffin  "is 
plentiful  on  all  parts  of  the  coast  between  Ayr  Heads  and  the 
Mull  of  Galloway  from  February  to  October".  Noted  by  Haugh  in 
1912,  although  he  gave  no  details  of  numbers.  Baxter  and  Rintoul 
(1953)  stated  that  there  were  no  breeding  localities  of  Puffins 
on  the  western  mainland  of  Scotland.  Since  1966  up  to  fifteen 
Puffins  have  been  seen  on  the  sea  in  the  breeding  season  at  the 
Mull.  In  1970  A.D.  Watson  and  J.G.  Young  strongly  suspected  that 
a pair  was  breeding,  and  on  26th  July  1972  a Puffin  was  seen 
carrying  a beakful  of  fish  to  a burrow  (Scot.  Birds,  7:  364). 
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A STUDY  OF  GROWTH  IN  THE  BRITTLE-STAR  ophi  ocomina  nigra 

By  STEPHEN  J.  GORZULA 
University  Marine  Biological  Station, 

Millport,  Isle  of  Cumbrae 


Introduction 

In  the  Firth  of  Clyde  the  brittle-star  Ophiocomina  nigra 
(Abildgaard)  is  the  dominant  epibenthic  animal  around  the  coast. 
As  part  of  a three  year  study  of  the  ecology  of  this  species  it 
was  necessary  to  investigate  its  growth  rate. 

Taylor  (1958)  showed  that  Ophiothrix  fragilis  (Abildgaard) 
reached  a disc  diameter  of  about  14mm  in  two  years,  most  of  the 
two-year-olds  dying  off  after  spawning  in  their  second  summer. 
Likewise  she  concluded  that  Ophiopholis  aouleata  (L.)  reached  a 
disc  diameter  of  about  14mm  in  three  years.  Taylor  sampled  at 
roughly  bi-monthly  intervals  and  for  size-frequency  analyses 
measured  the  disc  diameter  to  the  nearest  millimetre.  On  this 
basis  it  was  originally  thought  that  since  0.  nigra  has  a sim- 
ilar diet  and  broadly  similar  distribution  to  both  of  the  fore- 
going species  the  growth  rate  should  be  similar.  Thus,  since 
the  disc  diameter  of  0.  nigra  ranges  in  the  Clyde  from  1mm  to 
26mm,  size-frequency  analyses  of  monthly  samples  measured  to  the 
nearest  millimetre  would  reveal  not  only  annual  but  also  monthly 
growth  increments.  The  disc  diameter  was  chosen  as  the  para- 
meter because  arms  were  so  frequently  damaged  and  regenerating. 


Materials  and  Methods 

For  size-frequency  analyses  several  brittle-star  beds  were 
sampled  (see  Figure  1) . 

Samples  were  taken  from  a shore-collecting  station  at  Balloch 
Bay  (Isle  of  Cumbrae)  from  May  1972  to  March  1973.  Samples  were 
also  obtained  by  diving  from  two  stations,  one  at  Keppel  Pier 
(diving  station  1)  on  the  bed  of  mussel  shells,  and  the  other  at 
Red  Buoy  (diving  station  2) . The  Red  Buoy  station  was  sampled 
from  the  top,  middle  and  bottom  of  the  brittle-star  band,  and  at 
Keppel  from  the  shoreward  side  of  the  pier.  Data  were  gathered 
at  Keppel  at  monthly  intervals  from  December  1971  to  June  1973, 
with  a further  sample  in  February  1974.  The  Red  Buoy  station  was 
sampled  from  June  1972  to  June  1973.  Samples  were  also  taken  from 
thirteen  other  diving  stations  between  February  and  May  1973.  A 
single  Van  Veen  grab  sample  was  taken  in  November  1973  from  the 
south  end  of  Holy  Isle  (Arran) . 
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Figure  1 

The  stations  referred  to  in  the  text  are  as  follows: 


Shore  collecting  station  2 = Balloch  Bay 


Diving  station 
Diving  station 
Diving  station 
Diving  station 
Diving  station 


1 = Keppel 

2 = Red  Buoy 

6 = Grey  Craigs 
8 = Boyle’s  Cottage 
15  = South  Fin tray 
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Each  sample  comprised  at  least  100  individuals.  They  were 
measured  with  a plastic  ruler  from  the  base  of  one  arm  to  the 
middle  of  the  opposite  inter-radius.  Measurements  were  to  the 
nearest  millimetre.  In  the  course  of  sampling  it  was  discovered 
that  handling  resulted  in  vomiting,  and  thus  all  measurements  of 
discs  were  from  specimens  with  empty  stomachs.  The  disc  is 
slightly  compressible,  and  pressure  was  unavoidably  applied  to 
the  top  of  all  discs  during  measurement.  This  pressure  increased 
the  measurement  by  4 - 8%,  which  was  considered  to  be  standard. 
In  the  case  of  caged  individuals  a photographic  method  of  meas- 
urement was  used.  Individuals  were  photographed  on  waxed  graph 
paper  in  sufficient  water  to  cover  the  disc.  By  projecting  the 
negatives  thus  obtained  on  to  a white  screen,  and  calculating 
the  magnification  from  the  image  of  the  graph  paper,  both  arm 
length  and  disc  diameter  could  be  measured  to  the  nearest  0.2mm. 

The  final  data  consisted  of  eighty-nine  samples  with  a total 
of  over  10,000  brittle-stars.  The  size-frequency  data  were 
processed  by  a method  using  probability  paper  (Harding,  1949; 
Cassie,  1950) . 

In  an  alternative  approach,  individuals  in  a restricted 
environment  were  studied.  Several  cages  were  set  up  containing 
undamaged  individuals.  Early  experiments  with  cages  made  of 
steel  frames  and  mesh- covered  sides  were  unsuccessful,  the  cages 
having  a life  of  less  than  four  months  on  the  sea-bed.  In  later 
experiments  the  cages  were  of  15cm  diameter  Durapipe  ranging 
between  20cm  and  40cm  long,  the  open  ends  being  covered  with 
Netlon  of  3.5mm  mesh  size,  fixed  on  by  Elastoplast.  A large 
cage  which  was  affixed  to  the  sea  bed  at  Keppel  from  November 
1972  to  July  1973  contained  fifty  brittle-stars  selected  to  be 
approximately  the  same  size.  The  cage  was  secured  by  pitons 
20cm  long,  at  a depth  of  3.5  metres  below  chart  datum. 

A technique  for  demonstrating  growth  zones  in  the  inter- 
ambulacral  plates  of  echinoids  has  been  developed  by  Jensen 
(1969a) . This  consists  of  cleaning  the  interambul acral  plates 
of  tissue  while  immersed  in  100%  alcohol.  The  plate  is  then 
heated  over  an  alcohol  flame,  and  when  the  plate  turns  brown  it 
is  immersed  in  xylol.  Alternating  zones  of  differing  optical 
properties  are  revealed,  which  are  interpreted  as  representing 
growth  rates,  though  Jensen  does  not  discuss  the  rationale  of 
the  method  by  which  the  growth  rings  are  revealed.  In  an  attempt 
to  see  whether  it  could  be  adapted  for  use  in  ophiuroids,  the 
method  was  first  repeated  using  the  sea  urchin  Psarmeah'Cnus  nril- 
i-ari-s  (Gmelin)  . It  was  found  that  growth  rings  were  most  clearly 
demonstrated  when  the  alcohol  was  not  permitted  to  evaporate 
completely  prior  to  transfer  to  xylol.  The  echinoid  skeleton  is 
highly  porous  (Jensen,  1972) . During  the  winter,  when  there  is 
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Figure  2:  Seasonal  variation  in  the  mean  disc  diameter  as  calculated  by  the  probability 

paper  method  for  the  smaller  mode  of  the  Keppel  population. 
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slower  growth,  there  is  consequently  relatively  less  porosity 
in  the  new  skeleton  laid  down.  It  was  thus  found  that  if  alcohol 
is  flooded  into  the  pores,  and  then  partially  evaporated,  it 
will  first  evaporate  from  the  porous  zones,  i.e.  those  of  the 
faster  summer  growth.  When  the  plate  is  then  immersed  in  xylol, 
the  xylol  fills  these  pores  but  not  those  containing  alcohol. 
The  result  is  that  the  different  zones  have  their  pores  filled 
with  liquids  of  different  refractive  indices,  and  thus  the 
growth  zones  become  clearly  visible.  To  prepare  the  skeletal 
components  for  the  study  of  growth  rings,  specimens  were  mea- 
sured and  then  cut  into  pieces  which  were  allowed  to  rot  in 
tubes  of  sea-water  for  a month.  Jensen's  technique  does  not 
work  for  any  of  the  skeletal  components  of  0.  nigra.  A det- 
ailed examination  of  arm  vertebrae  showed  what  appeared  to  be 
very  faint  lines  or  ridges  on  the  lateral  projections  when 
viewed  under  a low-power  binocular  microscope  using  oblique 
illumination.  A minor  modification  of  Jensen's  technique  was 
developed  to  show  these  more  clearly.  The  arm  vertebrae  were 
immersed  in  a solution  of  borax  carmine  or  toluidine  blue, 
then  dried  under  a lamp.  They  were  then  immersed  in  alcohol 
for  a few  seconds  and  dried  very  quickly.  A series  of  lines 
appeared  on  the  lateral  projections  of  the  arm  vertebrae.  It 
appeared  that  the  stained  areas  corresponded  with  the  compact 
winter  zones,  from  which  relatively  less  stain  had  been  washed 
out. 


Size-Frequency  Analysis 

Analysis  of  the  Keppel  data,  using  the  probability  paper 
method,  revealed  that  the  size-frequency  distributions  of  the 
samples  were  bimodal.  The  mode  of  smaller  individuals  made  up 
about  70%  of  the  samples.  The  mean  disc  diameter  of  the  small- 
er mode  was  calculated  for  each  month.  Figure  2 shows  these 
values  from  December  1971  to  June  1973.  A drop  in  the  mean  disc 
diameter  occurred  in  both  winters,  the  lowest  sizes  being 
reached  in  February  1972  and  March  1973.  In  both  June  and  July 
1972  and  in  June  1973  a similar  drop  in  mean  disc  diameter 
was  observed.  Overall  there  was  growth  over  the  year  1972.  The 
mean  disc  diameter  from  December  1971  to  December  1972  increased 
by  2.7mm.  The  peak  for  December  1972  appears  to  be  somewhat 
high,  and  if  it  is  rounded  off  the  overall  growth  was  in  the 
order  of  2mm. 

A further  sample  was  taken  from  Keppel  station  on  22nd  Feb- 
ruary 1974.  Figure  3 shows  a comparison  of  the  February  samples 
for  1972,  1973  and  1974.  As  was  to  be  expected,  all  three  samples 
showed  bimodal  distributions  on  analysis . The  means  of  the  modes 
of  the  smaller  individuals  were  6.2mm,  8.1mm  and  9.3mm  respect- 
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Figure  3 

Size-frequency  distribution  for  three  samples  taken  in  February 
1972,  1973  and  1974,  showing  the  mean  of  the  smaller  mode  of 

the  population  calculated  by  the  probability  paper  method. 
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ively,  thus  the  net  growth  for  1972/73  was  1 . 9mm,  which  is  sim- 
ilar to  that  calculated  from  Figure  2,  and  the  net  growth  for 
1973/74  was  1. 2mm.  Size-frequency  analyses  of  the  Red  Buoy  pop- 
ulations also  showed  a drop  in  mean  disc  diameters  in  July 
1972  and  February  1973.  These  results,  however,  were  accepted 
with  reservation,  because  although  the  samples  were  analysed 
as  being  unimodal  there  was  indication  that  there  tended  to  be 
larger  individuals  in  the  deeper  zone  of  the  brittle-star  bed, 
and  when  the  spring  inshore  migration  occurred  it  was  not  known 
if  the  samples  were  heterogeneous. 


Growth  Cages 

The  data  presented  here  are  from  the  cage  at  Keppel  which 
contained  fifty  OTphioaomina . The  cage  broke  free  during  a storm 
in  March  1973  and  was  rediscovered  in  June  1973,  some  twenty 
metres  from  its  original  location.  Figure  4 shows  the  mean 
disc  diameter  of  these  fifty  brittle-stars  (filled  circles)  from 
November  1972  to  March  1973  and  in  June  1973.  In  order  to  con- 
tinue the  investigation  when  the  loss  of  the  cage  was  discovered, 
an  additional  cage  was  put  down  in  the  same  locality  containing 
six  individuals.  These  were  larger  than  those  contained  in  the 
first  cage.  On  22nd  March  1973  they  had  a mean  disc  diameter 
of  14.1mm  as  against  9.7mm  for  those  in  the  first  cage.  Thus 
the  two  additional  points  intercalated  for  April  and  June  were 
estimates  obtained  by  scaling  down  proportionately  the  mean 
disc  diameter  of  the  individuals  in  the  second  cage  (hollow 
circles).  The  graph  shows  a shrinkage  of  11.15%  in  the  mean 
disc  diameter  from  November  1972  to  January  1973.  If  the  two 
added  points  are  legitimate,  this  loss  is  made  up  by  April. 
There  was  a fall  again  between  June  and  July. 


Estimation  of  Growth  from  Growth  Rings 

The  proximal  arm  vertebrae  of  seventy-nine  individuals  cap- 
tured in  August  1972  were  prepared.  Fifty-nine  specimens  were 
taken  from  the  Keppel  station  and  twenty  from  four  other  stations . 
Figure  5 shows  part  of  a vertebra  from  Ophiocovrina  with  ten  of 
the  presumed  growth  rings.  Figure  6 shows  the  number  of  such 
rings  plotted  against  the  disc  diameter. 

It  can  be  seen  that  the  larger  the  brittle-stars  the  greater 
the  number  of  rings . In  Figure  7,  using  the  same  data,  the  mean 
disc  diameter  has  been  plotted  against  the  number  of  rings.  The 
vertical  lines  on  the  graph  indicate  the  96%  confidence  limits. 
There  is  some  tailing  off  at  the  upper  values,  and  because  of  the 
difficulty  in  finding  small  individuals,  as  well  as  in  preparing 
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1972  1973 


Figure  4 

The  monthly  variation  in  mean  disc  diameter  shown  by  individuals 
confined  in  cages  at  the  Keppel  station;  the  vertical  lines 
show  95%  confidence  limits,  solid  and  dotted  lines  show  the 
results  from  different  cages. 
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Figure  5 

Ten  growth  rings  shown  on  the  lateral  projection 
of  a vertebral  ossicle  of  0.  nigra  revealed  by 
a modification  of  Jensen's  technique. 
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Figure  6:  The  relationship  between  the  number  of  growth  rings  on  the  lateral  projection 

of  a vertebral  ossicle  and  the  disc  diameter  of  0,  nigra  in  August  1972. 
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NUMBER  OF  RINGS 


Figure  7 

Calculated  regression  line  fitted  to  the  data 
presented  in  Figure  6. 
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vertebrae  of  small  individuals,  there  is  a lack  of  data  for  the 
lower  values.  However,  in  Figure  7 a regression  line  has  been 
fitted  to  the  raw  data  of  Figure  6 for  the  mean  disc  diameters 
corresponding  to  the  number  of  rings  between  4 and  10.  This  is 
indicated  by  the  dotted  line  in  Figure  7.  The  equation  of  the 
regression  line  is  y = 1.7570+  2.1418x.  If  the  growth  rings  are 
annual,  for  brittle-stars  between  7.4mm  and  19.7mm  disc  diameter 
the  growth  rate  is  given  by  the  regression  coefficient  2.14  ± 
0.23mm/yr,  where  0.23  is  the  interval  estimate  of  the  slope  for 
P = 0.05.  This  value  agrees  with  those  calculated  from  size- 
frequency  analyses.  It  is  concluded  that  the  vertebral  rings 
represent  annual  growth. 

If  the  regression  line  is  produced  backwards,  at  time  zero  a 
brittle-star  would  have  a disc  diameter  of  -1.757mm.  The  smallest 
individuals  ever  found  during  size-frequency  analysis,  and  pre- 
sumably newly  settled,  had  a disc  diameter  of  about  Imm.  It  is 
concluded  that  growth  is  slightly  slower  in  the  first  four  years. 
It  should  be  pointed  out  that  although  a straight  line  is  fitted 
to  the  data,  on  the  assumption  that  the  yearly  increments  are 
constant,  the  growth  is  in  fact  falling  off,  as  each  year  the 
relative  percentage  growth  will  be  smaller. 


Age  Structure  of  Communities 

The  most  striking  feature  of  the  stations  sampled  was  that 
almost  all  the  size-frequency  analyses  showed  essentially  imi- 
modal  distribution.  In  some  cases,  such  as  Keppel,  there  were  bi- 
or  trimodal  distributions,  but  in  these  cases  it  was  always  one 
size  class  that  was  numerically  dominant.  Figures  presents  some 
of  the  analyses  to  show  the  general  types  of  populations.  Since 
the  growth  of  the  Keppel  population  calculated  from  size-frequency 
analyses  agrees  with  that  estimated  from  growth  rings,  assuming  the 
rings  to  be  annual.  Figure  7 may  be  used  to  allocate  ages  to  the 
peaks  in  any  size-frequency  distributions  . Such  allocation  is  to 
some  extent  a "rule  of  thumb",  because  the  observed  shrinkage  of 
disc  diameter  during  the  winter  months  and  early  summer  has  to  be 
taken  into  account. 

For  example,  in  the  case  of  Balloch  Bay,  where  a value  of 
is  given,  it  is  possible  for  these  brittle-stars  to  be  four  or 
five  years  old.  In  Figure  8 the  component  curves  could  be  separ- 
ated out  by  the  probability  paper  method  in  five  cases,  and  ages 
allocated  to  the  peaks  as  described  above.  The  Holy  Isle  pop- 
ulation was  treated  as  being  unimodal,  because  component  curves 
could  not  be  satisfactorily  separated,  although  it  was  suspected 
to  be  bimodal.  Neither  could  the  South  Fintray  population  be 
analysed  by  the  probability  method,  because  there  seemed  to  be 
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Figure  8.  Size-frequency  distributions  of  various  populations 
of  0.  nigra  with  the  calculated  year  values  of  pop- 
ulation peaks 
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several  year  classes  present  in  roughly  equal  numbers.  The  two 
populations  sampled  at  the  south  tip  of  Holy  Isle  (Arran) , and 
Pladda  (Arran)  are  unimodal  single  year  classes  of  five-year 
olds.  The  South  Fintray  (station  15)  population  was  an  exception 
to  the  general  rule,  being  composed  of  individuals  from  six  to 
eleven  years  old.  Grey  Craigs  (station  6)  was  an  old  population 
of  ten-year  olds  with  a small  peak  of  nine-year  olds.  The  Boyles 
Cottage  (station  8)  population  was  of  eight-year  olds  with  a 
few  six- and  ten-year  olds.  The  littoral  population  under  Fugus 
serratus-covered  boulders  in  Balloch  Bay  consisted  of  four-  or 
five-year  olds.  Leaving  aside  the  littoral  population,  which 
will  be  discussed  later,  it  is  concluded  that  every  popula- 
tion of  0.  nigra  is  formed  after  a single  settlement  of  brittle- 
stars,  which  thereafter  receives  little  or  no  recruitment. 


Population  Area 

Although  the  brittle-star  beds  appear  to  be  a continuous 
sublittoral  band,  the  band  is  actually  a mosaic  of  populations. 
Thus  at  the  Red  Buoy  station  about  300  metres  north  of  Keppel 
the  population  in  1973  was  mainly  of  nine-year  olds,  whereas  at 
Keppel  on  the  mussel  bed  area  it  was  mainly  of  five-year  olds. 


The  ophiuroid  bed  at  Keppel  consisted  of  a narrow  finger 
between  the  pier  and  the  shore,  running  parallel  to  the  shore 
and  being  about  forty-five  metres  long  and  four  to  six  metres 
wide  on  mussel  shells.  The  band  looped  around  the  north  end 
of  the  pier  and  extended  away  from  the  shore  over  a bed  of 
clinker  from  the  boilers  of  steam-ships  that  once  frequented 
the  pier.  The  clinker  bed  is  some  thirty  metres  wide,  and  gives 
way  to  sand,  over  which  the  brittle-stars  extended  for  a further 
ninety  metres. 


In  March  1973  size-frequency  analyses  were  made  of  samples 
from  the  mussel-shell  bed,  the  clinker  bed  and  the  sand.  The 
size-frequency  distributions  are  shown  in  Figure  9.  All  three 
show  bimodal  distributions.  The  mussel-bed  population  is  pre- 
dominantly of  five-year  olds,  and  the  sand  of  seven-year  olds. 
The  mussel -bed  population  covers  an  area  of  between  300  to  500 
square  metres  (estimated  by  its  width  along  the  side  of  the 
pier) . It  is  felt  that  if  this  is  representative  of  the  pop- 
ulation distributions  in  general,  dredging  techniques  are  a 
far  from  satisfactory  method  of  sampling.  The  fact  that  two 
separate  populations  may  be  picked  out  at  less  than  fifty 
metres  apart  after  a five  year  proximity  indicates  little 
overall  movement  of  individuals. 
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Figure  9 

The  size-frequency  distribution  of  three  areas  at  Keppel  in  March 
1973,  indicating  the  area  of  intergradation  between  a 5-year-old 
and  a 7-year-old  population.  Calculated  by  the  probability  paper 
method  the  mussel  bed  population  showed  two  modes  with  means  of 
7.9mm  (78%)  and  12 . 7mm  (22%) , the  clinker  two  modes  with  means  of 
7.3mm  (50%)  and  12.2mm  (50%),  and  the  sand  two  modes  with  means 
of  7.7mm  (20%)  and  11.8mm  (80%). 
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Recruitment 

Small  individuals  between  1mm  and  2mm  disc  diameter  were 
never  more  than  2%  of  any  sample,  and  were  only  rarely  found  in 
samples.  Extensive  searches  were  made  to  see  if  they  lived 
away  from  the  brittle-star  beds.  All  searches  were  negative. 
Small  individuals  turned  up  in  samples  from  different  sites,  e.g. 
Keppel,  Red  Buoy  and  Pladda,  in  the  months  of  February,  March, 
April,  June,  July,  August  and  September. 

From  these  data  no  inference  can  be  drawn  concerning 
settlement  period.  The  virtual  absence  of  recruitment  in  any 
established  OphioaonrCna  bed  suggests  that  established  beds  may 
totally  exclude  further  recruitment,  and  that  Ophioaomina 
settles  on  'virgin'  ground. 


Analysis  of  a Young  Echi noderm  Community 

In  November  1973  a single  Van  Veen  grab  sample  was  obtained 
from  a Lithothamnion  patch  eight  metres  deep  off  the  south  end 
of  Holy  Isle  (Arran).  The  only  epibenthic  animals  the  0.1  metre 
grab  contained  were  1,095  0.  nigra,  189  Ophiophotis  aauleata  and 
27  Psammechinus  nrCliaris.  Size-frequency  analyses  were  made  of 
the  disc  diameters  of  random  samples  of  0.  nigra  and  Ophiophotis 
aouteata,  and  of  the  test  diameter  of  the  Psamnechinus  rnttiar^is. 
These  results  are  summarised  in  Figure  10. 

The  size-frequency  distribution  of  P.  mitiaris  shows  two 
peaks,  one  at  2mm  and  one  at  5mm.  Jensen  (1969b)  states  that 
in  Scandinavian  waters  newly-settled  urchins  have  a test  dia- 
meter of  about  0.5mm  when  they  settle  in  the  summer,  growing 
to  about  2mm  in  the  first  two  months.  She  concluded  that  a 
test  diameter  of  5mm/ 6mm  is  attained  after  the  first  year.  It 
is  concluded  that  this  sample  represented  a population  com- 
prising approximately  equal  numbers  from  the  summers  of  1972 
and  1973. 

The  size  distribution  of  0,  aouteata  was  also  bimodal. 
Analysis  using  probability  paper  showed  two  peaks.  The  pop- 
ulation of  smaller  individuals  had  a mean  disc  diameter  of 
1.5mm  and  made  up  40%  of  the  total  population  of  0. • aouteata. 
The  population  of  larger  individuals  was  60%  of  the  total  po- 
pulation, with  a mean  disc  diameter  of  5.5mm.  Taylor  (1958) 
concluded  that  0.  aouteata  in  Manx  waters  settles  in  February, 
attaining  a disc  diameter  of  2mm  in  March.  She  states  that 
one-year  olds  have  a disc  diameter  of  5.5mm.  Thus  the  smaller 
individuals  in  this  sample  were  newly-settled,  being  about  a 
month  old,  and  the  larger  individuals  were  one-year  olds  from 
a settlement  in  early  winter  1972. 
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Figure  10 

Size-frequency  analysis  of  a young  echinoderm  community.  The 
Psammeohinus  and  Ophio-pholis  consisted  of  individuals  from  two 
settlements,  one  in  1972  and  one  in  1973.  The  OphioconrCna  were 
from  a heavy  settlement  in  1971. 
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The  size  distribution  of  0.  nigra  was  unimodal  with  an 
arithmetic  mean  of  5,15mm  and  a mean  of  4.7mm  calculated  from 
probability  paper. 

It  was  estimated  (Figure  7)  that  a four-year  old  0.  nigra 
would  have  a disc  diameter  of  7mm,  and  that  growth  in  the  first 
four  years  was  slower,  thus  the  0.  nigra  from  this  sample  were 
three-year  olds  from  a hea'vy  settlement  in  1971. 

The  overall  picture  is  therefore  one  of  a heavy  settlement 
of  0.  nigra  in  1971  followed  by  much  smaller  settlements  of  P. 
miliarn-s  and  0.  aouleata  in  1972  and  1973. 

Discussion 

The  size-frequency  analyses  of  the  Keppel  population  show 
the  net  yearly  growth  to  be  about  2mm/year,  but  drops  in  mean 
disc  diameter  were  observed  in  the  post-spawing  periods  of  June- 
July  1972  and  1973,  and  in  January  - February  1972  and  January, 
February  and  March  1973.  The  growth  cage  experiments  also  dem- 
onstrated these  drops  in  disc  diameter.  The  post-spawning  drop 
probably  reflects  the  shrinkage  of  the  gonads.  However,  the 
winter  drops  are  more  difficult  to  interpret.  In  1973  the 
caged  individuals  reached  their  minimum  value  of  disc  diameter 
in  January  - February,  whereas  the  sea-bed  sample  showed  a 
further  drop  in  March  1973.  The  disc  diameters  of  caged  in- 
dividuals were  falling  from  October  1972,  whereas  the  free 
population  at  Keppel  showed  a rise  in  November  and  December. 
This  could  be  interpreted  either  as  indicating  that  the  caged 
individuals  were  some  weeks  in  advance  of  those  free  on  the 
sea  beds,  or  as  indicating  that  conditions  affecting  the  free 
population  affected  the  caged  individuals  differently  because 
of  their  restricted  environment. 

The  former  theory  would  be  difficult  to  defend,  since  the 
cage  was  in  the  same  area  as  the  sampling  site,  but  the  latter 
theory  may  be  the  answer,  since  the  cage  would  have  tended  to 
"buffer"  the  brittle-stars  against  beneficial  or  adverse  con- 
ditions in  the  open  environment.  Thus,  if  a plankton  bloom 
had  occurred  in  November  the  brittle-stars  in  the  cage  may  not 
have  been  able  to  exploit  this  available  food  because  the 
plankton  would  actively  avoid  entering  the  mesh;  conversely, 
stormy  weather  during  February  would  have  prevented  feeding 
in  the  free  population.  Also,  the  cage  to  some  extent  acted 
as  a sediment  trap  and  would  have  provided  a sheltered  en- 
vironment in  which  these  individuals  could  feed. 

Shrinkage  of  echinoderms  has  been  reported,  but  not  in  oph- 
iuroids.  Vevers  (1948)  showed  that  rubens  L.,  when  kept 
in  cages  attached  to  a buoy  without  any  food,  decreased  in 
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size.  One  specimen,  after  17^  months,  shrank  from  a mean 
radius  of  6cm  to  one  of  3.8cm.  He  observed  that  in  the  ani- 
mals which  so  shrank  there  was  an  apparent  resorption  of  mus- 
cular tissue,  and  a marked  contraction  of  tissue  between  the 
skeletal  plates.  Ebert  (1967)  has  demonstrated  negative  growth 
in  both  tagged  sea-urchins  and  by  size -frequency  analysis  in 
free- living  sea-urchins.  In  the  former  case  negative  growth 
was  definitely  present,  because  test  shrinkage  was  observed. 
In  the  case  of  Ophioaomina  the  disc  is  a compressible  sac,  thus 
it  is  difficult  to  interpret  the  mechanism  of  observed  shrink- 
age. Moore  (1937)  has  shown  that  the  gonads  of  Echinus  es- 
culentus  L.  enlarge  after  spawning  but  then  shrink  during  the 
following  winter,  when  they  are  used  as  a nutrient  reserve. 
Something  of  a similar  nature  may  occur  in  Ophiocomina  during 
the  winter,  but  unfortunately  the  data  gathered  as  to  size 
of  gonads  did  not  include  the  winter  months,  when  shrinkage 
of  disc  diameter  occurred. 

Growth  rings  were  demonstrated  in  the  arm  vertebrae  of 
brittle-stars  and  were  assumed  to  be  annual.  Growth  rate  was 
calculated  for  the  disc  to  be  2.1mm/year  for  brittle-stars  of 
ages  ranging  between  four  and  ten  years.  In  the  first  four 
years,  growth  rate  was  shown  to  be  slower  and  to  tail  off  again 
after  an  age  of  ten  years  was  reached.  Wintzell  (1918)  illus- 
trates what  appear  to  be  growth  rings  in  his  diagrams  of  the 
arm  vertebrae  of  various  brittle-star  species:  Ophiura  cil- 
iavis  (L.)  vertebrae  were  drawn  with  seven;  Ophiopholis  aoul- 
eata  with  eight;  Ophiothvix  fragitis  with  eight,  and  0,  nigra 
with  ten.  He  does  not  comment  on  these  rings,  but  it  seems 
likely  that  he  would  choose  large  specimens  to  illustrate  his 
work.  If  for  0.  aouleata  and  0.  fragilis  these  rings  are 
annual,  and  if  there  is  no  difference  in  the  maximum  size 
attained  by  Swedish  and  southern  fonns,  the  Swedish  forms  would 
seem  to  have  a much  slower  growth  rate  than  that  reported  for 
southern  populations  (Taylor , 1958;  Warner,  1971),  both  species 
reaching  full  size  after  three  to  four  years. 

The  writer  at  first  assumed  that  growth  rates  for  Ophio- 
oorrdna  would  be  similar  to  those  of  Ophiothrix  and  Ophiopholis y 
but  it  has  been  shown  that  in  the  case  of  0.  nigra  twelve 
or  fourteen  years  pass  before  full  size  is  reached.  Slow 
growth  has  been  reported  by  Buchanan  (1967) : in  the  North  Sea 
there  are  shallow-water  communities  composed  of  Arrrphiura  fil- 
i forms  (O.F.  Muller)  and  Eahinooardivm  aordatum  (Pennant), 
and  deeper-water  communities  composed  of  Amphiura  ohiagei 
(Forbes)  and  Brissopsis  lyrifera  (Forbes).  However,  A.  fili- 
formis  and  B.  lyrifera  are  short-lived,  fast -growing  and 
recruit  annually,  whereas  the  other  two  species  are  long-lived, 
slow-growing  and  recruitment  is  sporadic.  The  size  distri- 
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butions  o£  different  Ophioaomina  populations  were  essentially 
unimodal.  In  the  exceptions  the  modes  were  rarely  more  than 
two  years  apart..  With  the  type  of  analysis  employed  any 
population  which  may  have  been  made  up  of  two  consecutive 
year  classes  could  not  be  separated.  Thus  the  dive  sample 
from  Holy  Isle  could  have  been  composed  of  both  four-  and  five- 
year  olds  which  had  merged  into  one  mode. 

The  littoral  population  was  reported  to  be  composed  of 
four-  or  five-  year  olds,  but  the  original  grov/th  rate  was 
calculated  for  benthic  animals  and  it  is  possible  that  be- 
cause of  the  rigorous  intertidal  conditions  the  littoral 
specimens  were  older,  stunted  individuals.  It  may  also  be 
that  this  size  is  the  maximum  which  can  be  reached  by  a littoral 
population.  Nevertheless,  it  could  be  suggested  that  this  me- 
thod may  be  appropriate  for  assessing  the  approximate  age  of  any 
benthic  community  of  0.  n'igva  in  the  Clyde  area. 
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NOTES  ON  THE  LOWER  VERTEBRATES  OF  COWAL.  ARGYLL 

By  J.A.  GIBSON 

Chairman , Clyde  Area  Branch, 

Scottish  Wildlife  Trust 


The  Cowal  district  of  Argyll  is  the  only  Argyll  district 
which  lies  entirely  within  the  true  Clyde  faunal  area.  Despite 
this,  however,  surprisingly  little  attention  appears  to  have 
been  paid  to  its  natural  history  compared  to  other  parts  of  Clyde. 
Very  honourable  exceptions  are  the  old  and  New  Statistical  Acc- 
ounts of  the  1790s  and  1840s , where  the  ministers  of  the  parishes 
give  remarkably  sound  natural  history  notes  for  the  period.  All 
are  useful , but  three  parishes,  Lochgoilhead  and  Kilmorich  (1792) 
by  the  Rev.  Mr.  Dugal  McDougal,  Strachur  and  Stralachlan  (1792)  by 
the  Rev.  Mr.  Charles  Stewart , and  Dunoon  and  Kilmun  (1844)  by  the 
Rev.  Dr.  M.  Mackay,  are  quite  outstanding,  and  amongst  many  in- 
teresting notes  include  one  of  the  earliest  descriptions  of  the 
Rowan,  and  probably  the  first  description  of  the  unique  population 
of  Charr,  in  Loch  Eck. 

Cowal  is  a wonderful  area,  bounded  and  intersected  by  Loch 
Fyne,  the  Kyles  of  Bute  and  other  great  Clyde  sea  lochs,  and 
possessing  some  of  the  highest  hills  and  grandest  scenery  in  the 
entire  Clyde  area,  and  for  nearly  forty  years  it  has  been  my 
privilege  to  spend  a great  deal  of  time  there.  For  many  years, 
until  well  after  the  second  world  war,  we  had  a family  home  in 
Cowal , firstly  at  Strone  and  later  at  Blairmore,  and  as  an  under- 
graduate I also  used  these  as  bases  for  many  holidays  camping  in 
other  parts  of  Cowal,  mainly  at  Ardentinny,  Tighnabruaich,  Ard- 
lamont,  and  Portavadie. 

I have  previously  published  short  accounts  of  the  mammals 
(Gibson,  1950)  and  the  breeding  birds  (Gibson,  1958)  of  Cowal. 
These  notes  are  on  the  remaining  vertebrate  classes,  the  rep- 
tiles, amphibians  and  freshwater  fishes.  Hunter,  Slack  and 
Hunter  (1959)  published  an  interesting  paper  on  the  lower  ver- 
tebrates of  Loch  Lomond.  Compared  to  this  neighbouring  high- 
land area  my  own  notes  on  the  species  recorded  show  some  close 
similarities,  the  only  notable  differences  being  those  species 
recorded  from  the  southerly,  i.e.  more  lowland,  part  of  Loch 
Lomond,  as  one  would  reasonably  expect. 

In  the  following  systematic  list  arrangement  and  nomen- 
clature largely  follows  Smith  (1964)  and  Wheeler  (1969) . 
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REPTILES 


SLOW-WORN  Anguis  fragilis 

The  Slow-Worm  is  fairly  common  and  widely  distributed 
throughout  most  of  the  lower- lying  districts  of  Cowal . My  personal 
experience  during  the  past  forty  years  is  that  the  population 
of  Slow-Worms  in  Cowal  has  remained  fairly  constant,  as  opposed 
to  som.e  other  areas,  in  lowland  Clyde,  where  there  has  been  a 
marked  decrease.  This  decrease  elsewhere,  of  course,  may  well 
liave  been  caused  by  the  tidying  up  of  semi-derelict  sites  in 
more  urban  areas.  I have  not  found  any  Slow-lVorms  in  Cowal 
above  the  thousand  foot  level. 

LIZARD  Laaerta  vivipara 

Recorded  in  the  New  Statistical  Account  (1844)  from  the 
parishes  of  Inverchaolain  and  Dunoon  and  Kilmun,  in  both  of 
which  it  was  said  to  be  uncommon.  Nowadays,  however,  the  Lizard 
is  certainly  fairly  common  and  well  distributed  throughout  all 
suitable  areas  of  Cowal,  and  during  the  past  forty  years  I have 
seen  no  real  sign  of  any  significant  decrease.  Common  in  most 
of  the  glens  and  also  occurs,  although  much  less  commonly,  on 
the  highest  hills. 

ADDER  Vipera  berus 

The  Adder  is  well  known  throughout  Cowal,  and  in  some  of 
the  lower-lying  districts,  e.g.  Kilfinan  parish  and  the  Ardla- 
mont  peninsula,  I have  found  it  to  be  particularly  common.  This 
may  possibly  be  a genuine  increase,  because  the  New  Statistical 
Account  of  the  1840s,  when  it  refers  to  the  Adder  at  all,  says 
it  is  "by  no  means  frequent"  or  "not  many  seen".  In  my  exper- 
ience country  people  usually  have  a pretty  accurate  idea  of  the 
population  of  Adders  in  their  districts. 

As  in  most  parts  of  Clyde,  Adders  are  most  commonly  seen  in 
the  glens  or  the  lower  slopes  of  the  hills,  but  some  can  be 
found  far  up  some  of  the  hills  and  I have  numerous  records  of 
Adders  found  at  well  over  one  thousand  feet.  One  hears  rumours 
of  fairly  large  Adders  from  time  to  time,  but  no  Cowal  Adder 
which  I personally  measured  was  longer  than  eighteen  inches. 

TURTLE  Species  indeterminate 

On  8th  September  1958  Mrs  K.R.J.  Long,  while  fishing  in 
Loch  Long  near  Portincaple,  saw  a creature  within  an  oar's  length 
of  the  boat.  It  "appeared  to  have  a shell  on  its  back  and  a beak. 
It  sank  again  immediately  and  no  further  particulars  were  ob- 
tained" (Stephen,  1961;  Gibson,  1976). 
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AMPHIBIANS 

SMOOTH  ['lEWT  Triturus  vulgaris 

Although  primarily  a lowland  species,  I do  have  a very 
few  records  of  the  Smooth  Newt  from  Cowal . These  were  all  ob- 
tained in  the  Ard lament  peninsula  during  the  late  1940s  and  early 
1950s.  I have  no  later  records,  but  have  not  really  been  able 
to  make  a thorough  search,  and  any  additional  information  on  the 
present  distribution  of  the  Smooth  Newt  is  Cowal  would  be  grate- 
fully received, 

PALMiATE  NEWT  Triturus  helveticus 

The  Palmate  Newt  is  the  typical  newt  of  Argyll,  and  is 
fairly  common  and  widely  distributed  throughout  most  suitable 
parts  of  Cowal . I have  found  it  commonly  in  the  glens,  and  also 
in  several  areas  up  to  the  thousand  foot  mark, 

TOAD  Bujo  bufc 

Fairly  well  known  throughout  most  districts,  but  nowhere 
nearly  as  comm.on  as  the  Frog. 

FROG  Rana  ter:poraria 

Fairly  common  and  widely  distributed  throughout  all  suit- 
able areas.  Some  evidence  cf  decrease  within  recent  years,  in 
common  with  many  parts  of  the  country,  but  still  very  well  known 
and  in  places  locally  common. 

FRESHWATER  FISHES 


LAMPREYS  Retrorrgzonidae 

Mackay  (1844)  said  that  the  "lamprey  eel  is  also  taken,  but 
not  frequently"  in  Loch  Eck,  Single  specimens  of  the  Sea  Lamprey 
Petronyzon  marinus  were  taken  in  the  River  Eachaig  (the  outlet 
from  Loch  Eck)  during  the  late  1950s  (Dr.  Peter  Maitland, 
personal  communication)  and  in  summer  1977  (Mr.  Ian  McRae,  per- 
sonal communication) . Salmon  caught  in  Loch  Eck  have  also  shown 
the  typical  circular  wounds  which  is  a good  indication  of  the 
presence  of  parasitic  lampreys. 

Mr.  Ian  McRae  of  the  Dunoon  and  District  Angling  Club  tells 
me  that  Mr.  James  McLean,  water  bailiff  for  the  Younger  Estates, 
kills  large  numbers  of  lampreys  every  year  in  an  area  of  the 
River  Eachaig  some  half-mile  or  so  from  the  mouth  of  the  river. 
Apparently  the  lampreys  can  be  seen  in  considerable  numbers 
attached  to  boulders  in  the  river  and  drifting  out  in  the  current, 
and  Mr.  McLean  kills  them  from  a boat  by  means  of  a long-handled 
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hedge- lopping  knife.  He  has  been  doing  this  twice  a year  for 
several  years.  This  is  a remarkable  statement,  and  steps  should 
certainly  be  taken  to  identify  these  lampreys;  to  the  best  of  my 
knowledge  no  specimens  have  yet  been  taken  for  examination. 

The  Brook  Lamprey  Lampetra  planer'C  has  been  recorded  from 
the  10km  sq.  NS19  which  includes  the  north  half  of  Loch  Eck  and 
the  River  Cur  (Maitland,  1972),  but  apart  from  this  I know  of  no 
other  records  of  lampreys  from  anywhere  else  in  Cowal.  It  should 
be  pointed  out,  however,  that  the  Sea  Lamprey,  the  River  Lamprey 
Lampetra  fluviatil-is  andi  the  non-parasitic  Brook  Lamprey  are  all 
known  to  be  common  and  well  distributed  in  the  neighbouring  Loch 
Lomond  area  (Hunter,  Slack  and  Hunter,  1959) . 

ROWAN  Covegonus  tavaretus 

The  Rowan  is  one  of  the  most  unique  and  interesting  fishes 
in  the  Clyde  area.  It  occurs  only  in  Loch  Lomond  and  Loch  Eck,  in 
both  of  which  lochs  it  is  present  in  considerable  numbers.  Popul- 
arly called  the  "freshwater  herring",  in  Loch  Eck  and  also  in  Loch 
Lomond  it  was  fished  commercially  during  the  first  quarter  of  the 
present  century,  particularly  during  the  first  world  war,  but  as 
far  as  I am  aware  all  commercial  netting  has  long  since  ceased. 

The  early  descriptions  given  in  the  old  and  New  Statisti- 
cal Accounts  are  worth  repeating.  Stewart  (1792)  says  "The 
most  remarkable  thing  with  regard  to  Lockeck  is,  its  abounding 
with  fresh  water  herring.  They  are  a dry  insipid  fish;  and 
are  not  discovered  in  any  other  lake  on  the  west  coast,  excepting 
this  and  Lochlomond" . Mackay  (1844)  says  "Loch  Eck  abounds  with 
the  small  fish  commonly  called  the  fresh  water  herring,  (the 
Gwyniad  of  Pennant y and  Salmo  Lavaretus  of  Linnaeus),  and  by  the 
country  people  the  powan.  Its  resemblance  to  the  proper  herring, 
in  shape,  colour,  and,  so  far  as  an  eye  not  specially  skilled 
in  ichthyology  can  detect,  in  scales  and  fins,  appears  perfect. 
Its  size  is  smaller,  seldom  exceeding  six  or  eight  inches  in 
length.  Its  fish  tastes  differently  also  from  that  of  the  real 
herring,  and  is  considered  rather  insipid". 

As  far  as  I am  aware,  the  earliest  readily  available  des- 
cription of  any  covegonus  species  would  appear  to  be  that  of 
Pennant  (1776) , and  the  Loch  Lomond  population  was'  only  exam- 
ined in  detail  as  late  as  1838  by  Parnell,  so  these  early 
accounts  of  the  Loch  Eck  Powan  are  quite  remarkable  achieve- 
ments for  country  ministers,  and  are  very  much  in  keeping  with 
the  accuracy  of  the  rest  of  their  natural  history.  Stewart's 
description  in  1792  is  particularly  noteworthy;  I have  not 
been  able  to  discover  any  earlier  description  of  the  Powan  in 
Loch  Eck,  and  shall  be  grateful  to  have  any  previous  account 
drawn  to  my  attention. 
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SALMON  Sdlmo  solar 

Salmon  are  common  in  Cowal  waters  and  at  one  time  were 
fished  commercially  at  several  places  around  the  shore.  Re- 
ferences to  commercial  Salmon  fishing  go  back  to  the  1790s,  and 
indeed  both  the  Old  and  New  Statistical  Accounts  complain  of 
the  diminution  in  the  size  and  quantity  of  the  Salmon  in  Loch 
Eck  and  the  main  rivers  because  of  netting  at  the  river  mouths. 
Some  commercial  fishing  still  continues  today,  but  in  a lesser 
degree. 

The  main  Salmon  fishing  rivers  in  Cowal  (Coutts,  1967) 
are  the  River  Ruel  and  the  River  Eachaig,  by  which  Salmon  asc- 
end in  considerable  numbers  to  Loch  Eck  and  the  River  Cur  beyond. 

TROUT  Salmo  trutta 

Trout  are  extremely  variable  in  colour  and  in  body  shape,  de- 
pending on  surroundings  and  habits,  but  all  forms  are  varieties 
of  a single  species . The  small  dark  Brown  Trout  S.t.  fario  largely 
inhabits  the  burns  and  hill -lochs  and  is  not  migratory;  the 
large  silvery  Sea  Trout  S.  t.  trutta  largely  inhabits  the  off- 
shore waters  and  rivers  and  is  distinctly  migratory. 

Trout  are  very  common  in  all  Cowal  waters,  and  were  mentioned 
by  nearly  all  the  early  writers  in  both  the  Old  and  New  Sta- 
tistical Accounts  as  being  widely  distributed  throughout  the 
burns  and  rivers  and  in  most  of  the  lochs.  In  season  large 
numbers  of  Sea  Trout  ascend  all  the  principal  rivers  and  reach 
Loch  Eck  by  way  of  the  river  Eachaig. 

RAINBOW  TROUT  Salmo  galrdneri 

Rainbow  Trout  were  introduced  to  the  Dunoon  reservoirs 
in  the  early  1970s,  and  these  reservoirs  are  still  stocked  each 
year  by  the  Dunoon  and  District  Angling  Club;  average  size  of 
introduced  fish  about  l^lbs.  At  present  these  are  the  only 
Cowal  waters  known  by  the  Angling  Club  to  hold  regular  stocks  of 
Rainbow  Trout,  but  I am  told  that  some  extremely  large  Rainbow 
Trout  were  introduced  to  some  artificial  ponds  near  Loch  Striven 
in  1977  and  the  freshwater  fish  mapping  scheme  includes  a re- 
cord of  Rainbow  Trout  from  Kilfinan  (Maitland,  1972) . 

CHARR  Salvelinus  alpinus 

In  1955  some  fifty  specimens  of  Charr  were  caught  in  Loch 
Eck  by  Dr.  H.D.  Slack  and  Mr.  J.D.  Hamilton  (Friend,  1956), 
and  other  specimens  have  been  caught  since  then  (Dr.  Peter  Mait- 
land, personal  communication) . No  previous  specimens  had 
ever  been  recorded  from  Loch  Eck,  which  is  in  fact  the  only 
loch  in  the  Clyde  area  now  known  to  contain  this  unusual  fish. 
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and  full  examination  ultimately  showed  the  specimens  to  be  a 
new  sub-species  (Friend,  1956,  1959) . 

Writing  in  1844  in  the  New  Statistical  Account , the  Rev. 
Dr.  M.  Mackay,  minister  of  Dunoon  and  Kilmun  parish,  in  his 
most  admirable  section  on  local  natural  history,  gave  a full 
description  of  the  fishes  of  Loch  Eck,  but  did  not  include 
Charr.  He  did,  however,  give  a description  of  a fish  locally 
called  the  'Goldie',  as  follows:  "Another  small  fish  is  also 
taken  on  Loch  Eck,  though  not  frequently,  or  in  any  numbers, 
called  by  the  country  people  the  Goldie,  which  is  said  to  be 
uncommon.  It  is  in  length  not  more  than  four  or  five  inches, 
and  of  a beautiful  golden  hue  when  taken  out  of  the  water,  and 
changes  its  hues  of  colour  in  interesting  and  beautiful  var- 
iety. When  held  up  by  the  hand,  it  appears  almost  trans- 
parent, and  seems  a creature  of  peculiarly  delicate  structure. 
No  specimen  of  it  has  happened  to  be  seen  by  the  writer;  but 
it  is  supposed  to  have  become  a tenant  of  this  lake  under  the 
auspices  of  the  ecclesiastics,  in  former  times  holding  con- 
siderable possessions  at  Kilmun  and  along  the  Eachaig". 

Referring  to  Dr.  Mackay 's  description  G.F.  Friend  (1956) 
says:  "Apart  from  the  reference  to  size,  the  two  other  characters 
- golden  colour  and  'transparency'  - do  strongly  suggest  that 
the  new  charr  is  the  old  'Goldie'.  I propose,  however,  that 
the  sub-specific  name  youngevi  be  given  to  this  fish  in  recog- 
nition of  the  kindness  of  John  Younger,  Esq.,  who  gave  permission 
for  the  netting  in  Loch  Eck,  and  that  in  future  the  Loch  Eck 
charr  be  known  more  precisely  as  Salvelinus  alpinus  youngevi 
rather  than  by  the  old  local  name,  the  Goldie". 

Although  understandably  in  accordance  with  the  best  scien- 
tific principles,  this  was  possibly  rather  unfair  to  the  mem- 
ory of  a redoubtable  Scottish  naturalist  of  last  century. 
Possibly  the  difficulty  of  transcribing  'Mackay'  into  latin 
had  a little  to  do  with  the  new  sub-specific  name.' 

PIKE  Esox  lucius 

There  are  no  Pike  in  Loch  Eck.  Writing  in  the  New  Stat- 
istical Account  in  1844  the  Rev.  Dr.  MacKay  recorded  Pike  from 
Dunloskin  Loch  near  Dunoon,  "and  only  there  in  the  parish".  This 
is  still  the  case.  Reports  occasionally  appear  in  the  local 
newspapers  about  Pike  weighing  up  to  15  lbs  or  so  having  been 
caught  in  Dunloskin  Loch,  but  these  reports  are  regarded  as 
doubtful  by  the  Dunoon  and  District  Angling  Club. 

GOLDFISH  Carassius  auratus 

The  Rev.  Dr.  Mackay,  writing  in  the  New  Statistical  Account 
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(1844),  recorded  the  following  passage  as  a footnote:  "A  con- 

siderable number  of  gold  and  silver-fishes  have  been,  within 
the  last  few  years,  introduced  into  Loch  Eck  by  Mr.  Wilsone 
of  Benmore.  The  species  is  found  to  thrive  in  ponds,  in  pleasure 
grounds  near  Dunoon.  They  may  probably  do  so  in  Loch  Eck; 
and  their  origin  there  merits  to  be  recorded".  To  the  best  of 
my  knowledge  there  are  no  Goldfish  in  Loch  Eck  nowadays,  al- 
though Goldfish  do  breed  in  the  ornamental  ponds  at  Benmore 
House  and,  until  recently  at  least,  in  some  works'  ponds  at 
Dunoon.  During  the  past  few  years  occasional  Goldfish  "sur- 
plus to  the  requirements  of  a local  private  breeder"  have  been 
released  into  the  Dunoon  reservoirs. 

MINNOl'J  Phoxinus  phoxinus 

Fairly  widely  distributed  and  reasonably  common.  Occurs 
in  Loch  Eck,  the  Dunoon  reservoirs,  Dunloskin  Loch,  Tarsan 
Loch,  ponds  near  Innellan  etc,  and  in  most  burns  and  rivers. 

ORFE  Leuoiscus  idus 

I am  told  by  the  Dunoon  and  District  Angling  Club  that 
for  many  years  there  has  been  a substantial  breeding  populat- 
ion of  Orfe,  along  with  the  Goldfish,  in  the  ornamental  ponds 
at  Benmore  House. 

EEL  Anguilla  anguilla 

The  Eel  is  very  common  in  virtually  all  Cowal  waters;  off- 
shore, along  the  burns  and  rivers,  and  in  most  of  the  lochs. 

THREE-SPINED  STICKLEBACK  Gasterosteus  aculeatus 

The  Three-spined  Stickleback  is  common  throughout  most 
of  the  Cowal  burns  and  rivers,  and  is  often  found  just  off- 
shore near  river  mouths.  Mackay  (1844)  said  it  "abounds  in 
Loch  Eck",  which  is  still  the  case;  also  Dunoon  reservoirs. 

FLOUNDER  Platichthys  flesus 

Flounders  are  common  around  all  suitable  parts  of  the 
Cowal  shore  and  are  regularly  seen  or  caught  far  up  some  of  the 
rivers,  particularly  in  Kilfinan  parish.  Flounders  are  also 
common  in  Loch  Eck,  and  can  be  found  right  at  the  head  of  the 
loch. 

OTHER  SPECIES 

Other  species  of  fishes  usually  classed  as  'freshwater' 
have  been  taken  in  the  sea- lochs  not  far  from  the  Cowal  shores. 
These  include  the  Sturgeon  Acipenser  sturio^  Allis  Shad  Alosa 
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alosaj  Twaite  Shad  Atosa  fallax^  Sea  Bass  Dicentrarahus  tabrax^ 
and  Thick-lipped  Mullet  CrenimugiZ  Zabrosus»  These  species  are 
all  excluded,  however,  since  these  notes  are  confined  to  those 
species  of  freshwater  fishes  found  actually  in  the  burns,  rivers 
and  lochs  of  Cowal  or  around  the  Cowal  shores. 

I have  not  so  far  found  any  specimens  of  the  Common  Goby 
Fomatoschistus  microps  which,  in  view  of  its  known  distribution 
(Gibson,  1976),  might  reasonably  be  expected  to  occur.  Nor 
have  I any  records  of  the  Roach  Rutilus  vutiZuSy  Stone  Loach 
ReomaoheiZus  barbatuZus  or  Perch  Perea  fZuoiatiZis , all  of  which 
occur  in  Loch  Lomond,  but  only  in  the  lowland  section  (Hunter, 
Slack  and  Hunter,  1959) . 

I know  of  no  other  species  which  have  been  introduced 
recently,  and  shall  be  glad  to  receive  any  additional  information. 
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THE  DISCOVERY  IN  1810  AND  SUBSEQUENT  HISTORY  OF 
Phyllodoce  caerulea  (L.)  BAB.  IN  SCOTLAND 

By  E.  CHARLES  NELSON 
National  Botanic  Gardens ^ Dublin 


Introduction 

The  genus  Phyllodoce  (Ericaceae)  contains  about  seven  species 
of  evergreen  sub-shrubs  of  arctic  to  subarctic  and  alpine  habitats, 
concentrated  in  north-eastern  Asia  and  north-western  North  Amer- 
ica (Stoker,  1939).  P.  caerulea  (L.  ) Bab.  (1)  which  has  a 
disjunct  circumarctic  distribution  is  the  only  species  found  in 
the  British  Isles  (Stoker,  1939:  Camp,  1940;  Hulten,  1958; 
Perring  and  Walters,  1962;  Good,  1963;  Tutin  et  ai.,  1969; 
Coker  and  Coker,  1973) . 

The  British  populations  of  Phyllodoce  caerulea*  occur  on 
mountains  around  Loch  Ericht  (Perthshire, Inverness-shire;  Figs. 
1 and  2) . The  largest  extant  population,  on  the  Sow  of  Atholl 
(Cam  Dobrain) , is  located  in  a small  area  (c.  0.5  ha.)  around 
a spring  and  contained  about  a hundred  plants  in  1972  (Coker  and 
Coker,  1973).  In  1966  a single  plant  was  discovered  at  Meall 
an-t-Slugain  on  Ben  Alder,  west  of  Cam  Dobrain  (McBeath,  1967; 
Wallace,  1968);  further  plants  were  located  and  a count  in 
1970  revealed  about  fourteen  individuals  (Coker  and  Coker,  1973) . 
Another  population  was  found  in  1968  above  Loch  an  Sgoir,  also 
on  Ben  Alder,  where  21  plants  were  counted  in  1970  (Coker  and 
Coker,  1973).  There  was  a further  discovery  in  1970  south-west 
of  Meall  an-t-Slugain  (Coker  and  Coker,  1973)  and  the  most 
recent  discovery,  near  Beinn  Bheoil  in  the  Ben  Alder  area,  was 
made  in  1973  (McBeath,  1974). 

In  this  paper  the  history  of  Phyllodoce  in  Scotland  is 
traced  from  its  discovery  over  150  years  ago  to  the  present,  con- 
centrating on  its  situation  in  the  nineteenth  century.  The  paper 
results  from  the  discovery  among  unincorporated  specimens  in  the 
herbarium  of  the  National  Botanic  Gardens,  Glasnevin,  Dublin 
(DBN)  of  an  annotated  herbarium  sheet  of  Phyllodoce  with  an  un- 
signed but  annotated  watercolour  painting  of  the  species  attached. 
The  history  of  collections  of  this  taxon  is  discussed  in  the 


* Henceforth  the  species  is  referred  to  simply  as  Phyllodoce ^ 
since  the  discussion  relates  to  it  alone,  except  where  clear  dis- 
tinction is  necessary;  see  note  1 also  for  synonymy. 
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Figure  1 

Map  of  Scotland,  showing  places  mentioned  in  the  text. 
- see  Figure  2 also. 
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Figure  2 

Region  around  Loch  Ericht  showing  localities  mentioned  in 

the  text.  Boundary  between  counties  shown  : 

Inverness  (i^orthem) , Perth  (southern). 
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light  of  information  obtained  after  an  extensive  search  of  the 
literature  on  the  species  and  examination  of  herbarium  coll- 
ections from  ABD,  BIRM,  BM,  DBN,  E,  GL,  K,  LINN,  LIV,  and  OXF 
(see  Holmgren  and  Keuken,  1974).  Unpublished  manuscripts  were 
also  consulted. 

In  flower,  Phyllodoce  oaerutea  is  easily  recognised;  the 
only  taxa  with  which  it  might  be  confused  are  Daboecia  oant- 
abr-ioa  (Huds.  ) C,  Koch,  which  does  not  occur  in  Scotland,  and 
Andromeda  'po'iifol'ta  L.  which  has  pink  flowers  and  longer 
broader  leaves.  However,  when  not  in  flower,  it  is  claimed 
that  Phyllodooe  can  be  confused  with  Empetrum  nigntm  L.  (ssp. 
nigrum  and  ssp.  hermaphroditwri  (Hagerup)  D.  Love).  In  general 
the  leaves  of  Empetrum  are  shorter  than  those  of  Phyllodooe, 
The  margins  of  the  leaves  of  the  former  are  not  serrulate,  but 
they  may  bear  glandular  hairs  that  are  very  fine  and  difficult 
to  see  without  a microscope.  In  side  view  (Fig.  3)  the  leaf  of 
Empetrum  has  convex  surfaces  so  that  it  appears  swollen,  where- 
as the  leaf  of  Phyllodooe  does  not  seem  swollen.  There  is  a 
"furrow"  on  the  lower  surface  of  Empetrum  leaves  but  it  is  not 
continuous  with  the  petiole;  there  is  a clear  gap  between  the 
end  of  the  "furrow"  and  the  petiole  (Fig.  3) . The  margins  of 
the  "furrow"  in  Empetrum  are  securely  held  together  by  inter- 
locking hairs;  in  Phyllodooe  the  margins  are  free.  Proport- 
ionately, the  leaves  of  Empetrum  nigrum  are  thicker  and  shorter 
than  those  of  Phyllodooe.  These  morphologic  differences  appear 
to  be  constant  and  provide  clear  distinction  between  the  two 
species  in  the  vegetative  state.  All  herbarium  specimens  seen 
by  the  author  were  checked,  and  no  specimen  of  Empetrum  nigrum 
was  found  among  Phyllodooe  oaerulea  material. 

DBN  Specimens  and  Painting 

The  newly  discovered  herbarium  sheet  (DBN)  bears  three 
separate  collections  of  Phyllodooe^  including  one  from  Sweden. 
The  material  was  formerly  in  the  herbarium  of  Dr.  William  Ramsay 
McNab.  W.R.  McNab  was  born  in  Edinburgh  in  1844  and  died  in 
Dublin  in  1889;  both  his  father  and  grandfather  had  been  curators 
of  the  Royal  Botanic  Garden,  Edinburgh  (Fletcher  and  Brown,  1970) . 
Dr.  McNab's  herbarium  contained  collections  made  by  his  grand- 
father William,  and  his  father  James,  as  well  as  his  uncle  Dr. 
Gilbert  McNab  and  his  aunt  Catherine  (Nelson,  in  press).  Accord- 
ing to  Johnson  (1891) , W.  R.  McNab  * s herbarium  was  purchased  by  the 
Science  and  Art  Museum,  Dublin  (now  the  National  Museum  of  Ireland) 
after  the  owner's  death.  The  material  was  mostly  incorporated 
into  the  general  collections  of  the  Botany  Section  of  the  Museum; 
these  collections  were  transferred  from  the  Museum  to  the  National 
Botanic  Gardens  in  1970  (Anon.,  1970)  to  form  the  Irish  National 
Herbarium.  Some  specimens  from  the  McNab  herbarium  appear  to  have 
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Figure  3 

Diagrammatic  representations  of  the  morphological  characters  of 
leaves  of  Phyltodoae  oaerulea  (lA-C)  andEmpetrim  nigrum  (2A-C)  . 
lA,  2A:  lateral  view  of  leaf  tips;  IB,  2B:  lower  surface  of 
leaves  and  petioles  - note  differences  in  termination  of  "inferior 
furrows";  1C,  2C:  shapes  of  whole  leaves  showing  "inferior 
furrows". 
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remained  unincorporated,  or  to  have  been  removed  and  never  re- 
turned to  the  main  collections,  and  it  was  among  such  specimens 
that  the  PhyltodDoe  material  was  found. 

The  W.R.  McNab  herbarium  included  specimens  from  many  bot- 
anists (Nelson,  in  press);  about  a thousand  specimens  of  Austra- 
lian plants  collected  by  Robert  Brown  during  Flinder's  voyage  of 
exploration,  1800-1803,  were  in  the  collections  (Morley  and 
Powell,  1976).  It  must  be  noted  that  this  Robert  Brown,  whose 
extensive  Australian  collections  formed  the  basis  for  his 
famous  Prodromus  Florae  Novae  Hollandiae  (Brown,  1810)  is  not 
the  same  person  as  the  Robert  Brown  referred  to  in  the  following 
discussions;  the  latter  was  a nursery-man  from  Perth.  There  is 
no  record,  in  either  published  literature,  unpublished  manuscripts 
or  herbarium  collections,  of  the  "Australian”  Robert  Brown  having 
collected  Phyllodoae  during  his  work  in  Scotland  prior  to  1800 
(P.I.  Edwards,  pers.  comm.). 

The  DBN  herbarium  sheet  is  stamped  with  "J.  McNab"  indi- 
cating that  it  belonged  to  James  McNab  before  being  passed  to  his 
son.  The  paper  is  watermarked  "1827".  Apart  from  the  Swedish 
specimen,  there  is  a specimen  labelled  "1815,  Nat.  of  Scotland 
Edin [burgh] ";  this  would  have  been  removed  from  a plant  in  cul- 
tivation in  the  Royal  Botanic  Garden,  Edinburgh  in  1815.  The 
third  specimen  is  labelled  "2d  Aug  1824  near  Dalnacardoch" . 
The  watercolour  (Plate  1)  was  also  attached  to  the  herbarium 
sheet.  At  the  bottom  of  the  sheet  is  a "Memorandum"  written  in 
pencil  but  partly  obscured  and  therefore  partly  illegible.  The 
handwriting  on  the  labels  of  the  Scottish  specimens,  and  on  the 
painting,  appears  to  be  the  same  and  probably  belongs  to  William 
McNab  (grandfather  of  W.R.  McNab)  - it  matches  other  samples  of 
his  writing.  These  specimens  and  the  painting  will  be  discussed 
below. 

Discovery  in  Scotland 

The  first  published  announcement  of  the  discovery  of  Phy- 
tZodoce  in  the  British  Isles  appeared  in  1812,  when  Sir  J.E. 
Smith  stated,  in  the  text  accompanying  a plate  of  the  species 
(t.2469,  titled  Menziesia  caevuled)  (1)  published  in  English 
Botany f that  it  "has  been  discovered  at  Aviemore  in  Strathspey 
and  in  the  western  isles  of  Shiant".  He  had  received  "native 
specimens  from  Mr.  G.  Don  and  Mr.  P.  Neill  ..."  (Smith,  1812a). 
The  plate,  drawn  by  James  Sowerby,  is  dated  1st  October  1812  (2). 
Smith  does  not  precisely  date  the  discovery,  nor  attribute  it 
to  either  of  the  botanists  names;  he  indicated  only  that  they 
sent  him  specimens . Shortly  after  the  publication  of  this  plate. 
Smith  (1812b)  noted  that  "this  humble  shrub...  with  the  habit 
of  an  Empetrum  . . . has  lately  been  discovered  at  Aviemore  in 
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Plate  1 

Watercolour  from  DBN  herbarium  sheet  (ex  herb.  W.R.  McNab) . 
The  name  "Menziesia  empetriformiQ"  is  written  in  pencil  and  is 
incorrect  (5).  The  writing,  in  ink,  on  the  label  is  that  of 
William  McNab  (grandfather  of  W.R.  McNab). 
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Strathspey,  as  well  as  in  the  remote  western  isles  of  Shiant". 
Later  Smith  (1824)  noted  that  Phyttodooe  had  been  "first  not- 
iced by  Mr.  Brown  of  Perth,  . . . near  Aviemore.  In  the  western 
Isles  of  Shiant.  Mr.  G.  Don  and  Dr.  Ramm". 

The  various  published  statements  taken  together  seem  to 
indicate  that  Neill  collected  specimens  after  Mr.  Brown  had 
found  the  plant,  and  they  appear  to  imply  that  Don  and  de  Ramm 
located  another  colony  on  the  Isles  of  Shiant,  in  the  Outer 
Hebrides  (Fig.  1)  at  a later  date. 

In  order  to  confirm  Smith's  statements  it  is  necessary  to 
consult  herbarium  specimens  and  unpublished  manuscripts . Smith's 
herbarium  (LINN)  contains  four  collections  of  Phytlodoae  oaer- 
ulea  (under  Menziesid) . Only  one  of  the  collections,  consisting 
of  three  small  scraps  of  Phyllodoce^  is  clearly  of  Scottish 
origin.  It  is  labelled  in  Smith's  writing  "the  western  isles  of 
Shiant"  - no  collector's  name  or  date  is  attached.  There  is  no 
specimen  from  "near  Aviemore"  in  LINN,  and  none  of  the  collect- 
ions is  attributed  to  any  of  the  persons  named  by  Smith  (1812a, 
1824) . 

Population  "Near  Aviemore" 

On  15th  September  1811  Dr.  Patrick  Neill  wrote  to  Sir  J.E. 
Smith  that  he  had  "lately  visit  [sic.]  ...  Perth  ...  InMessrs. 
Brown's  nurseries  I saw  several  live  plants  of  Mr.  J.  Brown's 
new  heather:  none  of  them  had  flowered  fairly  this  season,  else 
you  should  have  had  the  best.  No.  2 is  a specimen  showing  the 
stunted  way  in  which  it  has  attempted  to  flower  in  the  garden.  No. 
1 is  the  only  remaining  specimen  originally  gathered  near  Avie- 
more,/within  6 miles  of  the  inn, /last  year.  --  Will  you  have  the 
goodness  to  write  me  whether  it  is  Andromeda  ooerule  [sic.],  or 
what  ..."  (3).  Smith  replied  to  this  letter  on  24th  January 
1812,  but  his  reply  cannot  be  traced.  Undoubtedly  the  "new 
heather"  was  PhyVlodooe^  and  the  letter  clearly  indicates  that 
it  was  discovered  by  Mr.  James  Brown;  the  phrase  "within  6 
miles  of  the  inn"  was  inserted  into  the  letter  by  Neill , presumably 
as  an  afterthought.  It  is  also  clear  that  Neill  sent  Smith  two 
specimens,  one  collected  by  Brown  in  the  field,  and  one  collected 
in  Brown's  nurseries.  It  is  very  probable  that  the  specimen 
labelled  simply  "Garden"  in  Smith's  herbaria  (LINN)  is  Neill's 
"No. 2".  as  it  has  the  characteristics  mentioned. 

In  the  herbarium.  Royal  Botanic  Gardens,  Kew  (K)  there  is  a 
specimen  (Plate  2)  which  closely  resembles  the  figure  of  Phytl- 
odooe  in  English  Botany.  Attached  to  the  same  sheet,  but  not 
directly  associated  with  the  specimen,  is  a label  in  Sowerby's 
handwriting;  which  reads  "Mensiesia  caerulea  ericeta  formos 
in  campis  alpinis  [?]  Norw.  in  Scotia  pr.  Aviemore  legit  Jam[?] 
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Plate  2 


(a)  - Specimen  from  K,  probably 
used  by  Sowerby  to  prepare  plate 
for  Smith's  English  Botany  (See 
label  in  Fig.  4);  x 1.5. 


(b)  - Sowerby 's  portrayal  of 
Phyllodoce  caerulea  (English 
Botany,  tab.  2469). 
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Figure  4 

Label  from  herbarium  sheet  (K)  in  Sowerby's  handwriting,  in- 
dicating that  the  specimen  was  collected  near  Aviemore  by  Mr. 
Brown.  This  label  probably  belongs  to  the  specimen  (Plate  2a) 
from  which  Sowerby  prepared  the  plate  for  Smith's  English  Botany, 
which  is  attached  to  the  same  sheet,  but  not  directly  associated 
with  this  label. 
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Brown  hortulan"  (Fig. 4).  It  seems  that  this  label  belongs  to 
the  specimen  noted,  from  which  Sowerby  probably  prepared  the 
plate. 

Neill  attributed  the  discovery  to  James  Brown  in  the  letter 
noted  above,  but  in  another  letter  to  Smith  over  two  years  later 
(dated  20th  October  1814)  Neill  said  that  he  had  been  "to  Perth 
and  proceeded  to  Forfar  in  company  with  Mr.  R.  Brown  of  the 
Perth  nurseries  (an  ardent  Botanist,  the  discoverer  of  Menzies'ta 
ooevulea  as  I once  before  told  you  ...)  ...”  (4)  (Druce, 
1904).  An  obituary  notice  in  The  Gardeners'  Chronicle  (8th  Nov- 
ember 1845,  p.  755)  recorded  that  Robert  Brown,  "for  many  years  an 
eminent  nurseryman  in  the  neighbourhood  of  Perth  . . . [was]  . . . 
distinguished  for  his  botanical  knowledge  [and  was]  well  known  to 
botanists  as  the  original  discoverer  of  the  Menziesia  caevulea 
...”.  The  confusion  about  the  name  of  the  original  finder  of 
FhyUodooe  apparent  in  Neill 's  letters  has  persisted,  though  the 
majority  of  sources  name  Robert  as  the  discoverer  (e.g.  McNab, 
1873;  Fletcher  and  Brown,  1970);  only  one  recent  paper,  by 
Coker  and  Coker  (1973) , names  James . Both  James  and  Robert  Brown 
existed,  though  their  relationship  is  obscure  since  no  biograph- 
ical information  can  be  located  about  James. 

The  confusion  may  be  resolved  by  the  label  in  the  hand- 
writing of  James  Brodie  of  Brodie  on  a specimen  of  Phyttodoce 
housed  in  the  herbarium  of  the  University  of  Glasgow  (CL),  which 
reads  "G.D's  Letter  26  Aug’t  -10  discovered  by  Messrs  Jas . ^ Rob- 
ert Brown  Nursery  Men  Perth  Erica  oaerulea  Wildwp.393.  From  G. 
Don.  Brod.  Herb."  (Fig.  5).  This  specimen,  apparently  unknown  to 
previous  workers,  indicates  that  both  James  and  Robert  made  the 
discovery,  and  as  the  label  mentions  a letter  written  by  "G.D." 
[George  Don]  to  James  Brodie  on  26th  August  1810  the  discovery 
must  have  taken  place  in  the  summer  of  1810,  not  in  1812  as 
supposed  from  Smith’s  publication  (1812a).  The  GL  specimen 
possibly  came  from  the  Browns'  original  collection;  Neill 
implied  in  a letter  (15th  October  1811)  to  Smith  that  the  Browns 
had  made  herbarium  specimens  but  had  disposed  of  all  but  one, 
which  Neill  acquired  and  sent  to  Smith  - that  specimen  was  later 
used  by  Sowerby  (see  above)  and  is  now  in  the  herbarium  at  Kew. 

Neill  clearly  stated  that  he  had  information  which  indicated 
that  the  habitat  of  Phyllodoce  was  within  six  miles  (10  km)  of 
the  inn  at  Aviemore,  but  no  population  of  the  species  is  pre- 
sently known  in  that  circumscribed  area;  thus  there  is  some 
reason  to  doubt  the  information  in  Neill's  letter. 

Apart  from  the  specimen  (K)  labelled  by  Sowerby  only  four 
specimens  from  Aviemore  have  been  located  by  this  author.  One, 
simply  labelled  "near  [?]  Aviemore  [sic.],  the  station"  (E)  is 
undated  and  has  no  collector's  name.  A second  specimen  (LIV) , 
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Figure  5 

Label  from  herbarium  sheet  (CL)  in  Brodie's  handwriting,  giving 
details  of  the  letter  from  George  Don.  This  label  indicates 
that  Fhyllodooe  was  discovered  before  August  1810. 


1977 


Discovery  and  History  of  Phyllodoce  in  Scotland 


57 


originally  distributed  by  F.Y.  Brocas  for  the  London  Botanical 
Exchange  Club,  is  labelled  "Heath  near  Aviemore  Strathspey,  coll, 
by  Mr.  Fergison  [sic.]  of  Balfish  [sic.]  Bot.  Garden  (18??)". 
This  specimen  was  collected,  it  seems,  by  Daniel  Ferguson,  who 
was  curator  of  the  Royal  Botanic  Garden,  Belfast  from  1836  to 
1864  (McCracken,  1971);  it  may  have  been  collected  while  Ferguson 
was  employed  in  Glasgow  Botanic  Garden,  before  1836.  The  other 
specimens  were  allegedly  collected  in  1830  and  1835  by  Dr. 
Robert  Graham,  but  it  is  remarkable  that  all  the  extant  Graham 
specimens  of  Phyllodoce  (ABD,  E.  OXF)  are  labelled  with  the 
localities  cited  by  Smith  (1812a) . The  published  accounts  of 
Graham's  botanical  excursions  do  not  indicate  that  he  visited  the 
localities  noted  on  the  specimens.  Botanists  sometimes  copied 
out  the  localities  of  species  from  floras,  before  collecting 
material,  and  Graham  may  have  done  this,  perhaps  also  using  cul- 
tivated specimens  from  the  Edinburgh  Botanic  Gardens,  instead  of 
wild  specimens,  for  his  herbarium.  A similar  situation  may  per- 
tain to  Ferguson's  specimen.  I consider  that  Graham' s specimens, 
and  maybe  Ferguson's,  should  be  regarded  as  unreliable  indicators 
of  this  species'  former  existence  at  Aviemore. 

The  majority  of  extant  herbarium  specimens  were  collected 
from  the  population  of  Phyllodoce  on  the  Sow  of  Atholl,  and 
most  of  the  references  to  Phyllodoce  in  the  nineteenth  century 
sources  that  are  not  directly  influenced  by  Smith's  publications 
(1812a,  1812b,  1824)  give  the  locality  where  the  plant  was  first 
seen  as  the  Sow  of  Atholl,  not  Aviemore. 

The  annotation  on  the  DBN  watercolour  (Plate  1) , written  by 
William  McNab,  reads  "M-tnseae  [sic.]  caevulea  on  the  Sow  of 
Athol  in  Perthshire  by  Robt.  Brown"  and  may  be  the  first  indica- 
tion of  the  Sow  population.  The  first  undoubted  field  collection 
from  the  Sow  of  Atholl  was  made  by  William  McNab  on  "2d  Aug[ust] 
1824  near  Dalnacardoch"  (DBN)  which  is  a village  near  the  mountain 
(Fig.  2).  McNab's  annotation  on  the  painting  does  not  indicate 
that  the  original  discovery  was  made  on  the  Sow,  but  certainly  im- 
plies this  when  Robert  Brown  is  named. 

James  McNab  (1873) , in  an  account  of  his  visit  to  the  Perth 
nurseries  of  Dickson  and  Turnbull,  wrote  that  "Mr.  Brown,  one  of 
the  early  partners  in  the  firm  (formerly  Dickson  and  Brown)  was 
the  first  discoverer  in  Scotland  of  caerulea^  specimens 
of  which  still  exist  in  the  establishment  being  sub-divisions 
of  the  original  plants  found  by  Mr.  Brown  on  the  Sow  of  Athole 
in  Perthshire".  In  fact  James  McNab  was  a close  friend  of  Robert 
Brown,  and  accompanied  Brown  on  a visit  to  North  America  in  1834, 
at  Brown's  invitation  (Fletcher  and  Brown,  1970);  thus  it  would 
be  expected  that  James  McNab's  account  of  the  discovery  is  correct 
in  all  details. 
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The  first  published  record  of  the  Sow  of  Athol 1 population 
was  by  Watson  (1837)  who,  quoting  Mr.  W.  Brand,  said  that  ’’the 
station  of  Phyllodooe  is  on  the  Athol  Sow"  (Fig.  2) . 

It  is  well  known  that  botanists  and  nurserymen  who  knew 
the  habitats  of  rare  plants  tried  to  put  off  competitors  with  in- 
correct information,  or  withheld  precise  details  of  the  localit- 
ies to  preserve  their  finds,  often  for  sordid  motives.  It  is 
possible  that  the  Browns  did  not  give  Neill  the  correct  locality, 
and  that  the  apparent  precision  of  the  phrase  "within  six  miles 
of  the  inn"  was  meant  to  keep  would-be  collectors  from  the  real 
site  more  than  six  miles  from  Aviemore.  It  is  interesting  that 
Hooker  remarked  (1821)  that  "Smith  gives  'Aviemore  in  Strathspey 
and  in  the  western  isles  of  Shiant'  but  no  authority  is  given. 
My  friend  Mr.  Maughan  attributes  its  discovery  to  Messrs  Brown, 
late  nurserymen  of  Perth;  but  he  adds  that  he  is  not  able  to 
obtain  its  precise  habitat." 

Population  on  "The  Western  Isles  of  Shiant" 

Smith  (1824)  attributed  the  discovery  of  a population  on 
the  "remote  western  isles  of  Shiant"  to  Mr.  George  Don  and  Dr. 
de  Ramm.  The  specimens  allegedly  from  Shiant  are  in  the  Smith 
herbarium  (LINN) . Of  this  record,  Balfour  and  Babington  (1844) 
remarked,  after  visiting  the  Shiant  Isles  in  1841,  that  they 
had  "every  reason  to  believe  that  the  Menziesia  is  not  an  inha- 
bitant of  the  Shiant  Islands".  They  found  Empetrum  nigrum  "on 
the  higher  parts  of  one  of  the  islands;  and  as  that  plant  has 
once  already  been  mistaken  for  Menziesia  [they  suspected]  a 
similar  error  in  the  present  case,  more  especially  as  ...  [they 
had]  ...  learned  from  Dr.  Neill  that  Mr.  G.  Don,  according  to 
his  own  statement,  never  visited  the  Shiant  Isles.".  At  Ba- 
bington's  suggestion,  Kippist  examined  the  specimens  in  Smith's 
herbarium  (LINN) , and  reported  that  "the  only  native  specimens 
...  in  that  herbarium,  are  three  little  scraps,  marked  in  Sir 
James  Smith's  handwriting  as  from  'the  western  Isles  of  Shiant', 
but  without  any  mention  of  the  person  by  whom  they  were  collec- 
ted. Smith  has  left  no  memorandum  on  the  subject  whether  in  his 
herbarium,  or  in  the  interleaved  copy  of  his  'English  Flora'. 
Professor  Don  who  has  seen  the  specimens  does  not  think  they  were 
sent  by  his  father"  (Balfour  and  Babington,  1844)  . In  the  University 
herbarium,  Oxford  (OXF) , there  is  a second  collection  from  the 
Shiant  Isles,  allegedly  made  in  1832  by  Dr . R.  Graham,  but  there 
is  no  account  of  a visit  to  the  islands  in  Graham's  published  notes 
(1832).  Phyllodooe  has  not  been  foiond  on  the  Shiant  Isles  since, 
and  as  Don  avowed  that  he  never  visited  the  islands,  it  seems  that 
some  error  was  allowed  to  arise,  which  Smith  never  corrected.  Un- 
fortunately, Don' s correspondence  with  Smith  has  not  survived,  or 
cannot  be  located  (see  Druce,  1904) . 
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The  recent  discoveries  o£  Phyllodoce  (1966-1973)  in  the  Ben 
Alder  area  could  indicate  that  populations  remain  to  be  found,  or 
that  populations  have  become  "lost"  or  extinct.  Watson  (Druce, 
1884-85}  suggested  that  "every  thing  reported  by,  or  from,  Don, 
and  remaining  unverified  after  modem  search,  ought  to  be  ex- 
cluded from  our  list  of  native  plants  and  their  stations".  Druce 
(1884-85,  1904)  noted  that  Don  often,  in  his  own  herbarium, 
wrote  out  localities  from  floras  before  he  had  collected  specim- 
ens, and  was  often  vague  about  his  localities,  sometimes  giving 
them  from  memory!  As  with  the  Browns,  Don  may  have  withheld  in- 
tentionally the  exact  habitat  of  a plant  for  business  motives  "so 
that  another  in  the  same  trade  should  not  take  toll". 

The  overwhelming  number  of  collections  from  the  Sow  of 
Atholl,  Phyllodoce' s continuing -presence  on  that  mountain  (Coker 
and  Coker,  1973) , and  the  absence  of  authenticated  records  from 
"near  Aviemore"  tend  to  suggest  that  the  original  discovery  was 
made  on  the  Sow  of  Atholl,  by  both  James  and  Robert  Brown  in  the 
summer  of  1810.  The  obvious  continuity  of  knowledge  about  the 
Atholl  station  among  Scottish  botanists  and  horticulturalists 
seems  to  confirm  this  thesis.  Had  an  Aviemore  colony  existed,  it 
is  unlikely  that  it  could  have  remained  secret  for  over  a century, 
and  would  doubtless  have  been  visited  many  times  . As  a rare  plant, 
Phyllodoce  was,  and  is,  much  sought  after;  Watson  (1837)  remarked 
that  "the  sale  of  specimens  [was]  too  profitable  for  many  [plants] 
to  be  left"  in  its  habitat.  The  Browns  collected  living  material, 
which  they  propagated  in  their  Perth  nursery,  and  they  freely  gave 
herbarium  specimens,  and  perhaps  later  sold  living  plants,  to  Sco- 
ttish botanists,  including  Don  and  Neill.  Neill  and  Don  informed 
Sir  J.E.  Smith  independently  about  the  discovery,  and  they  both 
sent  Smith  herbarium  specimens.  De  Ramm  may  have  told  Don  that 
he  had  found  Phyllodoce  on  t\ve  Shiant  Isles,  perhaps  having  heard 
about  its  discovery  in  Scotland,  and  having  mistaken  Empetrum  ni- 
grum for  it.  The  Browns  may  have  given  Neill  a deliberately  mis- 
leading locality  - perhaps  Neill  had  the  correct  locality  but 
deliberately  misinformed  Smith  - in  an  attempt  to  preserve  the 
habitat  for  their  sole  exploitation.  Aviemore  is  far  removed  from 
the  extant  populations,  and  may  have  been  the  Browns  * base  on  their 
field  excursion. 

However  convincing  these  reconstructions  may  be,  there  remains 
the  possibility  that  there  was  no  concealment,  deception  or  error, 
and  that  populations  of  Phyllodoce  existed  on  the  isles  of  Shiant 
and  near  Aviemore,  which  either  are  extinct  or  remain  to  be  re- 
discovered. 

Discovery  1810-1836 

News  of  the  discovery  of  Phyllodoce  was  current  knowledge  in 
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Britain  in  October  1812,  and  would  have  been  well  known  in  Scot- 
land among  informed  botanists  and  horticulturalists  from  1810. 
Plants  from  native  stock  were  in  cultivation  in  Edinburgh  Botanic 
Garden  at  least  by  1815  (specimen  in  DBN) , as  well  as  in  the 
Perth  nursery. 

A second  coloured  illustration  of  PhylZodoce,  prepared  by 
C.  Loddiges,  appeared  in  The  Botanical  Cabinet  in  1818,  but 
it  is  much  inferior  to  Sowerby's  illustration  and  to  the  DBN 
watercolour. 

Following  its  discovery,  Phyllodoae  was  collected  in  the 
field  at  the  Sow  of  Atholl  by  William  McNab  in  1824  CDBN) , 
Hooker  (E)  and  Babington  (BIRM)  in  1832,  Dr.  Parnell  in  1833  (E) , 
W.  Brand  on  26th  September  1834  (E)  and  on  the  same  day  in  1835 
(E) , and  Arnott  and  probably  Anderson  in  1835  (GL) . During  the 
same  period  R.  Graham  is  supposed  to  have  made  his  collections 
at  Aviemore  in  1830  and  1835  and  on  Shiant  in  1832,  but  these 
cannot  be  regarded  as  correct. 

Both  Withering  (1830)  and  Hooker  (1821,1831)  list  the  plant 
in  their  floras;  the  former  noted  that  Phyllodoae  had  been 
"first  detected  by  Messrs  Brown,  nurserymen  of  Perth,  near  Avie- 
more". Hooker  (1831)  simply  repeated  Smith's  statement  (1824), 
adding  little  to  his  earlier  account  in  Flora  Scotica  (1821). 
Don  (1834)  listed  Phyllodoae  and  repeated  Smith's  (1812a)  loc- 
alities without  comment. 

Near-Extirpation  1836 

Rare  and  aesthetically  pleasing  plants  like  Phyllodoae  were 
(and  still  are)  collected  eagerly,  and  unscrupulous  collectors 
gave  no  thought  for  the  species'  survival  in  natural  habitats, 
when  profits  could  easily  be  made  by  digging  up  plants;  the 
original  discoverers  had  removed  plants! 

The  McNab  sheet  (DBN)  bears  a "Memorandum",  written  in 
pencil  which  is  partly  illegible,  stating  that  "Mr.  Cunningham 
visited  the  station  of  this  plant  in  the  end  of  July  183  . . . 
[obscure]  . . . has  cleared  the  station  of  it  by  his  bringing  home 
a waggon  load  of  it"  (5).  Watson  (1837)  wrote  that  "the  plant 
is  said  to  have  been  nearly  eradicated  lately  by  a nurseryman, 
who  found  the  sale  of  specimens  too  profitable  for'  many  to  be 
left"  on  the  Sow  of  Atholl.  While  the  date  is  not  clear  on  the 
DBN  sheet,  the  statement  by  Watson  was  written  before  March  1837 
(see  Preface  in  Watson,  1837) . The  several  collections  made  in 
1835  and  Watson's  remarks  suggest  that  the  date  of  Cunningham's 
visit  was  July  1836.  Balfour  and  Babington  (1844)  said  that  "it 
must  be  well  known  . . . that,  owing  to  the  misconduct  of  a nursery- 
man, who  dug  up  all  the  specimens  he  could  find,  amounting  it  is 
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said,  to  nearly  a cartload,  [Phyllodoce']  is  supposed  to  be  quite 
extinct  upon  the  Sow  of  Athol".  Fortunately,  Mr.  Cunningham  did 
not  exterminate  the  species,  but  certainly  he  greatly  reduced  the 
size  of  the  population,  making  it  difficult  for  botanists  to 
locate  specimens. 

The  DBN  annotation  is  not  the  only  source  that  names  the 
culprit;  J.H.  Balfour  mentioned  Cunningham  in  his  diary  Csee 
later),  though  Isaac  Balfour  (1902)  omitted  the  phrase  about 
Cunningham  from  the  published  edition  of  his  father’s  diary.  The 
"Mr.  Cunningham"  accused  of  the  decimation  probably  was  James 
Cunningham,  of  the  Comely  Bank  Nurseries,  Edinburgh.  In  an 
obituary  notice  in  The  Gardeners'  Chronicle  (1st  November  1851, 
p.  695)  Cunningham  was  described  as  "quiet  and  retiring,  with 
habits  peculiar  and  somewhat  eccentric".  It  is  ironic  that  this 
"quiet  eccentric",  who  incurred  the  wrath  of  his  fellow  botanists 
for  removing  Phyllodoce  from  the  Sow  of  Atholl,  should  have  pro- 
duced "the  celebrated"  x Phyllothcamus  erectus  (Lindl. ) Schneid 
(6) , an  intergeneric  hybrid  between  Phyllodoce  empetTlformis  (J.E. 
Smith)  D.  Don  and  Rhodotharmus  chamaecistus  (L.)  Reichenb. 
(Lindley  and  Paxton,  1850;  Evans,  1974;  Bean,  1976). 

History  after  1836 

Hooker  (1838)  recorded  I Z-otioce  growing  on  "heathy  moor  on 
the  'Sowof  Athol’  at  Dalnaspidal , Perthshire".  Graham  (1841)  gave 
an  account  of  botanical  excursions  made  by  Brand  and  Campbell  in 
September  1839,  who  reported  that  P%ZZ^c><icce  "has  been  almost  en- 
tirely eradicated  by  the  remorseless  efforts  of  cultivators  . . . 
from  the  Sow  of  Athol  . . . , only  two  plants  of  it  having  been  found 
after  a laborious  search".  Brand  knew  the  location  well,  as  he 
had  collected  specimens  in  1834  and  1835,  and  had  furnished  Watson 
with  "an  explicit  direction  [that]  had  at  once  ended  the  mystery  in 
which  the  locality  of  this  species  has  been  so  long  shrouded"  (Wat- 
son, 1837).  There  is  also  a specimen  collected  by  Brand  dated  May 
1839  (E). 

Phyllodoce  was  collected  on  Monday  25th  April  1842  "near 
Dalnacardoch" , possibly  by  James  Mackay  (E) , who  commented  that 
the  plant  was  "very  rare" . Babington  (1843)  stated  that  the 
species  was  "nearly  if  not  quite  extirpated  by  an  Edinburgh 
nursery-man",  but  Newman  (1851)  announced  that  Mr  Borrer  "had  the 
satisfaction  ...  of  ascertaining  that  Menzdesda  caevulea  still 
exists  in  Drumochter  (or  Drum  Uachdar)  on  the  confines  of  Atholl 
and  Badenoch,  where  [he]  saw  several  tufts  of  it  among  heath  and 
cranberry"  (7)  (Borrer,  1851).  Newman  (1851)  commented  that 
"the  late  Mr.  Cameron,  formerly  of  the  Botanic  Garden  at  Birming- 
ham, told  [him],  some  years  ago,  that  he  has  many  times  visited 
the  spot  where  phyllodoce]  grew  in  some  abundance,  that  he  could 
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find  it  at  any  time,  and  that  there  was  no  probability  of  it  be- 
coming exterminated”.  According  to  Newman  (1851),  Cameron  was 
"a  man  of  the  most  scrupulous  veracity”.  No  specimens  collected 
by  Cameron  can  be  located. 

McGillivray  (1852)  and  Benthan  (1858),  apparently  unaware  of 
Borrer's  activities  or  Newman*  s statements,  persisted  in  claiming 
the  "entire  extirpation”  of  Phyllodooe.  This  allowed  Boswell- 
Syme  (1880)  to  announce  the  next  "rediscovery”  of  Phyllodooe  by 
J.H.  Balfour  "in  1863”.  However,  J.H.  Balfour  *s  diary  and  herbar- 
ium specimens  indicate  that  he  did  not  visit  the  locality  until 
20th  August  1864,  when  he  "proceeded  to  Ballinluig  [from  Dunkeld] 
and  thence  by  train  to  Dalnaspidal  - gathered  - Phyllodooe  oaev- 
ulea  - past  flowering  - ...  The  Phyllodooe  was  gathered  about 
% up  the  hill  on  the  side  next  to  Dalnaspidal.  Carried  with  me 
some  seeds  of  the  Phyllodooe  oaerulea  from  the  Botanic  Gardens 
and  sowed  them  on  the  spot  where  the  plant  was  growing  - was  to 
make  up  for  what  had  been  taken  away  by  Cunningham.  There  might 
be  some  seeds  of  Phyllodooe  empetrifoli-us  (8)  amongst  them  as 
both  plants  were  growing  together  in  the  Botanic  Gardens”  (the 
portion  in  italics  is  omitted  from  published  edition  of  diary; 
see  Balfour,  1902)  (9).  Obviously  Balfour  was  concerned  for  the 
plant's  survival,  and  had  planned  the  excursion  to  enable  him 
to  sow  the  seed.  He  must  have  been  well  acquainted  with  the 
plant's  habitat  or  else  confident  that  he  would  find  some  shrubs 
of  Phyllodooe  there,  despite  the  ravages  of  the  past.  He  re- 
visited the  Sow  of  Atholl  on  6th  August  1867  when  he  collected 
Phyllodooe  "sparingly.  Some  large  plants  were  seen  one  of  which 
was  dug  up  by  Mr.  Fraser"  (portion  in  italics  omitted  by  Balfour, 
1902).  There  is  a herbarium  specimen  "ex  hort.  P.N.  Fraser”  in 
DBN! 

Naylor  collected  specimen  on  14th  September  1864  (BM) ; 
according  to  Watson  (1870)  Naylor  also  visited  Atholl  in  1866. 
Watson  (1870)  laconically  commented  - "Still  there  in  1866”. 
Rev.  J.  Keith  collected  specimens  in  June  1868  (ABD)  and  Bennet 
(1886)  noted  it  was  "still  there  in  1879”,  having  been  collected 
by  Miss  A.  Crawford  (OXF) . 

F.  Buchanan-White  collected  specimens  on  several  occasions 
between  1872  and  1875,  and  noted  (1898)  that  "the  rediscovery  of 
this  rare  plant  has  been  more  than  once  announced,  but  I am  not 
aware  that  those  who  know  where  to  look  for  it  have  ever  failed  to 
find  it” , which  bears  out  Newman  * s earlier  repetition  of  Cameron's 
remark  (1851).  Buchanan-White  (1898)  continued  that  "its  station 
on  Cam  Dobrain  is  unfortunately  too  well  known  to  others  than 
botanists,  and  hence  there  is  a danger  of  the  species  being  ex- 
terminated. I counted  about  fifty  plants  in  1875”. 

In  1889  Buchanan- White  had  reported  on  Phyllodooe  to  a 
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committee  of  the  British  Association  for  the  Advancement  of  Science 
set  up  to  collect  information  "on  the  disappearance  of  native 
plants  from  their  local  habitats".  In  the  report,  presented  to 
the  B.A.  meeting  in  1889,  Hillhouse  (1889)  noted  the  problems  faced 
by  many  plant  species  from  "the  ravages"  of  collectors  and  dealers. 
The  committee  published  a list  of  disappearing  (or  extinct) 
Scottish  species  including  Phyllodoce^  stating  "the  only  British 
habitat  of  this  plant  is  the  Sow  of  Athol,  and  it  has  now  been 
nearly  extirpated,  for  sale.  The  habitat  is  within  sight  of  a 
gamekeeper's  house,  so  that  its  protection  would  be  easy  if  the 
Duke  of  Athol,  the  owner,  could  be  moved  to  that  effect".  Trail 
(1890)  reviewed  the  report , and  corrected  some  mistakes . With  re- 
gard to  Phyllodoce j Trail  (1890)  quoted  E.S.  Marshall  who  had 
written  that  "there  is  a specimen  in  Herb.  Hanbury  labelled 
Aviemore;  and  it  is  not  likely  to  be  really  confined  to  one 
station.  The  stationmaster  told  me  that  it  was  said  to  grow  on 
the  Boar  of  Badenoch".  Marshall  collected  the  plant  many  times, 
between  1888  and  1911,  from  the  Sow  of  Athol 1;  one  of  his  many 
specimens  (DBN)  is  annoted  "Collected  at  6 a.m. ! Scarce  and  hard 
to  find",  yet  he  had  obtained  enough  material  to  prepare  at  least 
six  well- endowed  herbarium  sheets!  Phyllodoce^  as  suggested  by 
Marshall  (Trail,  1890) , has  now  been  found  in  other  places  in  the 
Scottish  Highlands,  but  not  on  the  Boar  of  Badenoch  or  at  Avie- 
more. The  fears  held  by  botanists  that  Phyllodoce  might  disappear 
from  the  "mountainous  wilds"  (Loddiges,  1818)  of  Scotland  have 
not  been  fulfilled.  The  discovery  of  the  additional  populations 
would  seem  to  assure  the  species'  future  in  the  British  flora. 
Phyllodoce  is  listed  among  the  endangered  plants  of  Great  Britain 
and  is  now  protected  by  law  (Perring,  1976). 

Concl usions 

The  information  presented  in  this  paper  demonstrates  that 
Phyllodoce  vias  discovered  on  the  Sow  of  Atholl,  in  the  summer  of 
1810,  by  Robert  and  James  Brown,  which  contradicts  statements  made 
elsewhere  (e.g.  Clarke,  1900;  Druce,  1932;  Coker  and  Coker, 1973) . 
It  seems  that  the  plant  was  never  collected  on  the  Isles  of  Shiant, 
but  that  that  record  was  an  error  for  Empetvim  nigrum.  Smith's 
original  statements  (1812a,  1812b)  may  have  arisen  because  he  was 
provided  with  information  which  was  deliberately  falsified,  so 
that  the  exact  locality  could  be  concealed.  Smith's  localities 
only  led  to  confusion,  and  as  pointed  out  by  Watson  (1837)  "con- 
cealment always  begats  suspicion".  From  1824  to  1966,  authenti- 
cated native  specimens  of  Phyllodoce  were  collected  only  on  the 
Sow  of  Atholl. 

Contemporary  accounts  indicate  that  in  July  1836  an  Edinburgh 
nurseryman,  James  Cunningham,  decimated  the  Atholl  population, 
but  he  did  not  exterminate  Phyllodoce.  It  could  be  argued  that 
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he  destroyed  one  of  two  colonies,  but  there  is  no  evidence  to 
suggest  the  existence  of  several  discrete  populations  on  the  Sow 
in  the  nineteenth  century.  In  1839  W.  Brand  reported  that  he 
could  find  only  two  plants,  but  by  1875  the  colony  had  regener- 
ated to  about  fifty  plants  (Buchanan-White,  1898).  In  1972  there 
were  estimated  to  be  about  a hundred  individual  plants  on  the  Sow 
of  Atholl  (Coker  and  Coker,  1973);  allowing  for  errors  in  counting 
individuals,  the  population  has  at  least  doubled  its  size  in  a 
hundred  years. 

In  Scottish  habitats,  has  to  contend  with  grazing 
by  deer,  sheep  and  grouse.  The  species  is  not  completely  frost- 
hardy;  severe  frosts  can  cause  permanent  damage  to  shoots,  part- 
icularly if  frost  occurs  while  the  plants  are  not  covered  by  snow 
(Coker  and  Coker,  1973)  . The  populations  are  also  burnt  occasiona- 
lly, Coker  and  Coker  (1973)  suggested  that  periodic  burning 
seemed  most  likely  to  account  for  the  fluctuations  in  numbers  of 
plants  on  the  Sow  of  Atholl,  but  they  were  unaware  of  the  events 
described  above.  Certainly,  counting  plants  which  reproduce  by 
layering  is  subject  to  error,  and  the  intensity  of  moor  fires 
should  be  considered;  a slow-burning  fire  could  be  lethal. 
(Gimingham  (1972)  noted  that  temperatures  of  above  500°C  applied 
for  one  minute  to  the  stem  bases  at  ground  level  were  generally 
lethal  to  Calluna) . However,  human  predations  in  the  nineteenth 
century  probably  account  for  most  of  the  fluctuations  in  popul- 
ation size;  fires  may  leave  rootstocks  intact  and  capable  of  re- 
generation, whereas  human  activity  caused  the  removal  of  whole 
plants . 

It  is  very  unlikely  that  Balfour • s conservation  measures  in 
1864  had  any  beneficial  results;  no  alien  species  have  been  intro- 
duced! Perhaps  some  of  Balfour  * s seeds  germinated,  but  Coker  and 
Coker  (1973)  noted  that  germination  and  establishment  of  Phytlod- 
oae  seedlings  is  infrequent  in  the  field  in  Scotland;  effective  re- 
production is  by  layering.  There  is  no  evidence  of  spread  by  seed 
in  any  of  the  extant  Scottish  populations,  though  viable  seed  is 
produced.  Coker  and  Coker  (1973)  argue  that  the  disjunct  occurr- 
ences of  Phyttodoae  around  Loch  Ericht  indicated  that  the  dis- 
tribution was  more  continuous  in  the  distant  past,  and  that  the 
species'  present  scarcity  in  Scotland  reflected  its  limited  cap- 
acity for  competition  and  spread  under  present  environmental 
conditions. 

Phyllodooe  remains  a component  of  the  vegetation  of  a small 
area  of  the  Scottish  Highlands;  it  has  survived  despite  the 
ravages  of  man.  The  extant  population  on  the  Sow  of  Atholl  seems 
to  have  increased  its  size  in  the  last  century,  and  perhaps  will 
continue  to  expand  if  allowed  to  grow  unmolested.  Unlike  its 
situation  in  the  past  150  years,  the  plant  is  now  protected  by 
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law.  "The  Highlands  of  Scotland  ...  when  adorned  ...  with  this 
charming  plant  must  yet  wear  a smile"  (Loddiges,  1818). 

Notes 


Biographical  details  of  most  of  the  people  mentioned  in  the 
text  may  be  obtained  in  Britten  and  Boulger  (1931),  Desmond  (1976) 
and  in  Balfour  (1904)  and  Druce  (1904) . Information  on  coll- 
ectors and  their  collections  is  also  available  in  Hedge  and 
Lamond  (1970)  and  Kent  (1958) . 

(1) .  The  synonymy  of  PhyZZodooe  oaevutea  is  complicated  since 
generic  concepts  altered  frequently  in  the  nineteenth  century. 
For  much  of  the  period  under  discussion  the  species  was  regarded 
as  a member  of  the  genus  Menziesia  (i.e.  Menziesia  oaeruiea  (L. ) 
Swartz).  Less  frequently  used  names  are  Andromeda  caevuZea  L. 
(basionym) , A.  taxifoZi-a  Pall.j  Er-ioa  oaeruZea  (L. ) Georgi, 
PhyZZodooe  tcax:rCfoZia  (Pall.  ) Salisb.  , Bryanthus  taxifoZius  (Pall.  ) 
Gray,  and  B.  oaeruZeus  (L. ) Dipped. 

(2) .  Smith  wrote  the  text  for  each  plate  and  James  Sowerby  drew 
the  illustrations;  the  date  on  the  plate  is  the  date  of  publica- 
tion (Stafleu,  1967).  In  a letter  dated  3rd  May  1812,  Smith 
asked  Sowerby  "Have  you  sketched  Andromeda  (Menziesia  oaeruZea)! 
I have  the  specimen  returned  by  you.  The  flower  must  be  taken 
from  a garden,  I suppose"  (Mss.  B.M.  (Nat.  Hist.)  in  Sowerby 
corresp.;  P.l.  Edwards,  pers.  comm.).  On  11th  July  1812  Smith 
wrote  to  Sowerby  again,  saying  "I  lend  you  Menziesia"  (Mss.  B.M. 
(Nat.  Hist.)  in  Sowerby  corresp.).  The  specimen  referred  to  by 
Smith  is  probably  that  now  in  K and  labelled  in  Sowerby' s hand- 
writing (Fig.  4) . 

(3) .  Unpublished  mss.  in  Linnean  Society,  London  (Smith  corresp.  , 
7:  179). 

(4) .  Original  mss.  in  Linnean  Society,  London  (Smith  corres- 
pondence) . 

(5) .  The  name  Menziesia  empetriformis  is  written  in  pencil  on 
the  painting;  this  is  a mistake.  The  plant  illustrated  is  P. 
oaeruZea  not  P.  empetriformis. 

(6) .  The  irony  is  made  greater  as  the  hybrid  was  originally 
thought  to  have  had  Rhodothanmus  and  PhyZZodooe  oaeruZea  as 
parents  (Lindley,  1851).  In  the  printed  minutes  of  the  Botanical 
Society  of  Edinburgh  (Phytologist,  4:  156)  for  the  meeting  held 
on  Thursday  10th  April  1851,  it  was  noted  that  "Mr.  M'Nab  [i.e. 
McNab]  also  exhibited  a flowering  plant  of  . . . Bryanthus  ere- 
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otus  [i.e.  X Phyllothamnus  ereotus'\.  The  original  plant  was 
produced  during  the  year  1841  by  Mr.  James  Cunningham  of  the 
Comely  Bank  nurseries,  from  seed  of  the  Phyllodoae  (Menziesia) 
enpetr-iformisj  fertilised  with  the  pollen  of  Rhododendron  [i.e. 
Rhodothamnus]  ohamaeoistus. " 

(7) .  Later  Borrer  (1853)  wrote  this  "correction"  - "Menziesia 
oaeruiea.  I wrote  'among  the  heath  and  crowberry'  (Empetrum 
nigrum) . The  misprint  is  scarcely  worth  correcting  as  it  is  very 
probable  that  the  Scotch  'cranberry'  {Vaooinivm  vitis-idaea  L.) 
grows  there  too,  though  I do  not  recollect  it".  This  ambiguous 
note  indicates  that  his  manuscript  contained  the  correct  vern- 
acular name  "crowberry"  but  the  printed  article  had  "cranberry". 
Vacoiniim  vitis-idaea  is  associated  with  Phyllodooe  on  the  Sow 
of  Athol  (Coker  and  Coker,  1973) , but  it  has  the  vernacular 
name  "crowberry"  not  "cranberry"  (Clapham,  Tutin  and  Warburg, 
1962)  - "cranberry"  is  Vaooiniim  oxyeoacus  L. 

(8) .  I.B.  Balfour  (1902)  transcribed  the  diary  name  as  "empetri- 
folia",  but  it  appears  to  read  "empetrifolius"  - J.H.  Balfour's 
writing  can  be  very  hard  to  read.  The  name  should  be  P.  empet- 
iformisj  an  American  species . 

(9) .  The  quoted  extract  was  transcribed  from  the  original  diary 
(mss.  in  library  of  Royal  Botanic  Garden,  Edinburgh);  the  trans- 
cription published  by  I.B.  Balfour  was  edited  considerably,  as 
noted. 

Specimens  Examined 

Specimens  -191  A)  Phyllodooe  oaeruiea  examined.  (Orig- 
inally specimens  were  variously  named;  rarely  did  they  bear  the 
correct  nsme  Phyllodooe  oaeruiea.  Most  commonly  the  specimens  were 
labelled  Menziesia  oaeruiea.  The  various  synonyms  are  not  cited 
below.  Locality  details  are  quoted  exactly  as  given  on  the  labels; 
again  the  spelling  of  place-names  varies) . 


Dated  Specimens  Arranged  Chronologically:  Field  Collections. 

1.  (c.  1810)  "G.D's  Letter  26  Aug-10,  discovered  by  Me.ssrs  Jas. 

and  Robert  Brown  IhxT sexy  UenVerth.,  FromG.  Bonn"  (ex  herb. 
Brodie,  GL) . 

2.  2.  viii.  1824,  near  Dalnacardoch,  William  MoRab  (exherb  W.R. 

McNab,  DBN) . 

3.  1830,  near  Aviemore,  Strathspey,  Dr.  Graham  (ABD) . 

4.  1832,  Sow  of  Athole,  Hooker  (E) 

5.  1832,  Isles  of  Shiant,  Dr.  Graham  (OXF) . 

6.  1832,  Scotland,  C.C.  Babington  (BIRM) . 
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7.  1833,  Sow  of  Athol,  Perthshire,  Dr.  Parnell  (E) . 

8.  26. ix. 1834,  Sow  of  Athole,  W.  Brand  (E,  two  sheets). 

9.  26.  ix. 1834,  Sow  of  Athol , Scotland  Perthshire,  no  coZ-Z.  [pro- 

bably W.  Brand]  (K) . 

10.  26. ix. 1835,  Sow  of  Athole,  W.B.  [Brand]  (E) . 

11.  1835,  near  Aviemore  in  Strathspey,  Prof.  Graham  (E) . 

12.  1835,  near  a patch  of  snow,  Arnott  (GL) . 

13.  1835,  Sow  of  Athol,  no  ooll.  [probably  Anderson]  (GL) . 

14.  -.V.1839,  Sow  of  Athol,  A/.  Brand  (E) . 

15.  Monday  25. iv. 1842,  near  Dalnacardoch,  very  rare.  Perth- 

shire, no  ooll.  [probably  J.  Mackay]  (E) . 

16.  19.  viii . 1864,  Sow  of  Athole.  Pro/.  Balfoirr  (E.  two  sheets) . 

17.  -.viii.1864.  Sow  of  Athole,  2700  feet  above  the  sea,  Prof. 

Balfour  (DBN) . 

18.  14. ix. 1864,  Sow  of  Athole,  Perthshire,  P.  Naylor  (BM) . 

19.  -.viii.1866.  Sow  of  Athole,  J.H.B.  [Balfour]  (K) . 

20.  6.viii.l867,  Sow  of  Athole,  Prof.  Balfour  (J.  Sadler)  (E) . 

21.  6.viii.l867,  Sow  of  Athole,  A.  Craig  Christie  (ABD) . 

22.  -.vi.l868.  Sow  of  Athole,  Rev.  J.  Keith  (ABD). 

23.  -.vii.1872.  Sow  of  Athol,  Dr.  F.  Buchanan  White  (ABD).  (In- 

correctly labelled  Ben  Lawers,  but  this  was  later  corrected 
to  Sow  of  Atholl.). 

24.  5.viii.l872,  Sow  of  Athole  Perth,  P.M.  Drurmond-Hay  696  (BM, 

OXF) . 

25.  -.V.1874,  Sow  of  Athol,  Perthshire,  F.  Buchanan  White  (GL) . 

26.  -.v.ii.l875.  Sow  of  Athol,  Perthshire,  F.B.  White  (ABD). 

27.  -.vii.1875.  Sow  of  Athol,  Athole,  Perth,  F.  Buchanan  White 

(ABD) . 

28.  8.  vii.1875.  Sow  of  Atholl,  Perth,  E.M.  Drurmond-Hay  834  (BM 

two  sheets,  BIRM) . 

29.  9.vii.l895,  Sow  of  Atholl,  H.M.  Drurmond-Hay  (LIV) . 

30.  -.viii.1877.  Sow  of  Athol,  Miss  A.  Crawford  (OXF). 

31.  -.ix.l885.  Sow  of  Athol,  Perth,  Miss  Agnes  Thompson  (OXF). 

32.  -.ix.l885.  Sow  of  Athol,  Perth,  A.H.  Evans  933  (DBN). 

33.  20. vi. 1888,  Sow  of  Athole,  Perthshire , col lected  at  6 a.m.  ! 

Scarce  and  hard  to  find,  e.S.  Marshall^  1046^  2500  (DBN 
four  sheets,  BM  two  sheets) . 

34.  9.vii.l888,  Sow  of  Athol,  Perth,  W.  Barclay  (E) . 

35.  20. vi. 1889,  Sow  of  Athole,  Mid  Perth,  no  coll.  (OXF). 

36.  21. vi. 1890,  Sow  of  Athol  Perthshire,  R.H.  Meldrum  (E) . 

37.  -.vii.1892.  Sow  of  Athol,  Perthshire,  Miss  R.  Baker  (K) . 

38.  -.vii.1894.  Sow  of  Athol,  A.B.  Hall  (BM) , 

39.  1894,  Sow  of  Athole,  Perth,  Col.  Drummond  Hay  (GL) . 

40.  10. viii . 1902,  Sow  of  Athol,  Perthshire,  G.  Druoe  (OXF). 

41.  -.viii. 1902,  Sow  of  Athol,  H.J.  Riddelsdell  (BM) . 

42.  18.vii.l911,  Sow  of  Atholl,  vc  88  Mid-Perth,  E.S.  Marshall 

(BM) . 

43.  19.vii.l913,  Sow  of  Athol,  A.  MaaPherson  (E) . 
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Undated  Specimens:  Field  Collections  and  Probable  Field  Coll- 

ections . 

44.  Western  Isles  of  Shiant,  [?Z?r.  De  Ream]  (Herb.  Smith,  LINN). 

45.  ericeta  formos  in  campis  alpinis  Norw,  in  Scotia  pr.  Avie- 

more  legit  Jam.  [?]  Brown  Wortulan.  (Labelled  by  J.  Sow- 
erby,  ex  herb  Hooker,  K) . 

46.  near  [?]  Aviemoor,  the  station,  no  ooll.  (E) . 

47.  Heath  near  Aviemore  Strathspey,  "Mr.  Fergison"  [D.  Ferguson] 

(ex  F.Y.  Brocas,  ex  London  Bot . Ex.  Club,  LIV) . 

48.  Sow  of  Athole,  Perthshire,  W.  Brand  (BM) . 

49.  Sow  of  Atholl,  Sir  W.  Hooker  (BM) . 

50.  Sow  of  Athol,  H.  Kr.  (ex  herb.  Litton,  DBN) . 

51.  Sow  of  Athole,  Perthshire,  G.  Lurford  (E) . 

52.  Sow  of  Athol,  Dr.  Dauheny  (OXF) . 

53.  Sow  of  Athol  (ex  herb.  Bishop  Mitchinson,  OXF). 

54.  Sow  of  Athol,  no  ooH.  (E) . 

55.  Scotland,  J.  Price  (E) . 

56.  "The  large  one  I gather  along  with  your  nephew,  the  small  one 

was  afterwards  given  me  by  a friend",  R.  Wight  (ABD)  . 

Cultivated  Specimens 

57.  1811,  Garden  [probably  Brown' s Nurseries,  Perth],  ex  P.  Neill 

(herb.  Smith,  LINN). 

58.  1815, Nat.  of  Scotland,  Edin  [burgh]  (ex  herb.  W.R.  McNab,  DBN). 

59.  1815,  root  from  the  West  Highlands  nr.  Fort  William,  Jas.  Brown 

(ex  herb.  Backhouse,  E) . 

60.  20. iv. 1817,  Edin[burgh]  (ex  herb.  W.R.  McNab,  DBN). 

61.  1828,  Highlands,  "Wm.  McNab  ms.  Probably  from  a cultivated 

plant:  this  supposition  confirmed  to  me  by  Jas.  McNab". 
F.M.W.  [Webb],  Wm.  MoNab  (E) . 

62.  3.vi.l829,  Hort.  Bot.  Ed [inburgh],  from  native  root  (GL) . 

63.  -.ix.l890.  Garden  cultivated  Aberdeen,  D.  Watt  (GL) . 

64.  10. V. 1892,  Hort.  P.N.  Fraser,  Edinburgh  originally  from  the 

Sow  of  Atholl  (DBN) . 

65.  From  a plant  in  Mr.  Hailstone's  garden  brought  from  Scotland 

(OXF) . 

66.  "Connemara"  (ex  herb  T.  Butler,  ex  Bot.  Ex.  Club  of  Br.  Isles, 

ABD).  (Locality  is  incorrect,  but  the  specimen  is  7- 
odoae  oaerutea) . 
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Sunrna  ry 

Information  from  unpublished  sources  indicates  that  PhyVlodoae 
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caeruZea  was  discovered  in  Scotland  in  the  summer  of  1810  by  James 
and  Robert  Brown,  nurserymen  of  Perth.  The  locality  was  given  as 
"near  Aviemore",  but  there  are  reasons  to  believe  that  the  dis- 
covery was  made  on  the  Sow  of  Athol  1 where  this  plant  has  been 
known  for  150  years.  After  its  discovery  collections  were  also 
reported  from  the  Isles  of  Shiant  but  these,  and  reputed  Aviemore 
collections,  are  regarded  as  erroneous . In  1836  the  Sow  of  Atholl 
population  was  decimated  by  an  Edinburgh  nurseryman,  James  Cunn- 
ingham. Available  data  appear  to  indicate  that  the  Sow  of  Atholl 
colony  has  expanded  in  the  last  century,  and  that  the  species 
should  continue  to  grow  in  the  Scottish  Highlands  despite  the 
activities  of  botanists. 


. Charles  Nelson^  National  Botanic  Gardens^  Glasnevin, 
DUBLIN  9,  Ireland. 
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BIRDS  AND  INVERTEBRATES  OF  THE  CLYDE  ESTUARY  TIDAL 
FLATS 


By  J.C.  SMYTH,  D.J.  CURTIS,  J.B.  HALLIDAY, 
R.E.F.  STOBIE  and  H.  GRAY 
Department  of  Biology ^ Paisley  College  of  Technology 


"The  seashore  is  insufficiently  observed" 

The  above  terse  comment,  ascribed  to  the  late  Professor  M. 
F.M.  Meiklejohn,  appears  in  the  bird  section  of  The  Third  Stat- 
istical Account  of  Scotland : The  County  of  Dunbarton  (Dilke  and 
Templeton,  1959).  For  both  birds  and  their  food  the  insuffic- 
iency has  continued,  for  all  of  the  estuary,  until  quite  recent 
years.  Two  features,  however,  the  changing  levels  of  pollution 
and  the  winter  bird  flocks,  have  attracted  recent  attention  and 
given  rise  to  the  studies  reported  in  this  paper. 

The  definition  of  the  estuary  adopted  is  that  of  Chumley 
(1918) : it  lies  eastwards  from  a line  drawn  between  Gourock  Pier 
and  Kilcreggan  Pier  excluding  the  Gare  Loch  north  of  a line 
between  Rosneath  and  Rhu,  and  extends  as  far  east  as  the  tidal 
weir. 

The  Glyde  has  a long  history  of  pollution,  recently  described 
in  Porter's  case  study  for  the  Royal  Gommission  on  Environmental 
Pollution  (1973)  . The  quality  of  the  river  is  now  greatly  improved, 
however,  and  the  Clyde  River  Purification  Board  which  has  played  a 
large  part  in  this  achievement  maintains  a monitoring  programme 
from  which  much  has  been  learned  of  both  the  life  of  the  estuary 
and  the  conditions  of  life.  The  extension  of  this  knowledge  is 
important  to  provide  a basis  for  assessing  the  continuing  improve- 
ment anticipated  in  the  future. 

Although  the  tidal  flats  have  long  been  well  known  as  a site 
for  wintering  ducks,  especially  Sheld-duck  (Robertson,  1922),  the 
first  reference  to  large  wader  flocks  appears  to  be  that  of  Dr. 
J.A.  Gibson  (1958)  who  described  Redshank  and  Lapwing  flocks  up 
to  5000  birds  and  Oyster-catcher  and  Dunlin  up  to  1000,  as  well 
as  smaller  mimbers  of  other  species.  In  the  absence  of  similar 
records  from  the  older  naturalists,  who  worked  this  shore  reg- 
ularly, he  suggested  that  this  might  be  a recent  phenomenon 
dating  perhaps  from  just  before  the  early  1940s,  when  he  himself 
first  observed  them.  Systematic  counts  of  roosting  birds, 
organised  by  Mr.  Iain  Gibson  on  behalf  of  the  B.T.O./R.S.P.B. 
enquiry  on  birds  of  estuaries,  have  now  established  the  tidal 
flats  as  both  nationally  and  internationally  important  winter 
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feeding  grounds  for  ducks  and  waders.  The  estuary  was  ranked 
twentieth  in  importance  in  a list  of  British  estuaries  prepared 
by  the  British  Trust  for  Ornithology  (Prater,  1974) . When  the 
relatively  small  extent  of  the  mud-flats  is  related  to  the  wader 
numbers  it  ranks  third  place  among  Scottish  estuaries  with  1220 
waders  per  square  kilometre,  only  exceeded  by  the  Eden  estuary 
and  Montrose  Basin  (Bryant  and  McLusky,  1976) . Such  concent- 
rations of  birds  are  obviously  associated  with  a correspondingly 
rich  invertebrate  fauna  upon  which  they  feed. 

Recent  proposals  to  reclaim  parts  of  the  mud-flats  for  in- 
dustrial development  have  made  urgent  the  need  to  assess  more 
accurately  the  relative  importance  of  different  parts  of  the 
area  and  the  possible  consequences  of  reclamation,  both  on 
water  quality  and  on  bird  populations.  Preliminary  investigations 
by  staff  and  students  of  Paisley  College  commenced  in  1972  and 
full-time  work  has  been  carried  out  since  1974  with  the  support 
of  the  Nature  Conservancy  Council  and  the  government's  Job  Cre- 
ation Programme.  A summary  of  the  earlier  results  is  to  be 
found  in  Smyth  et  al.  (1974).  The  present  paper  aims  to  give  a 
general  picture  of  the  investigation  to  date,  of  special  interest 
to  those  concerned  with  the  natural  history  of  the  area.  More 
detailed  accounts  of  the  work  will  be  published  elsewhere. 

The  Study  Area 

The  tidal  flats  of  the  Clyde  Estuary  extend  from  Erskine 
westwards  to  Port  Glasgow  on  the  south  side  and  from  Bowling  to 
Helensburgh  on  the  north,  with  a low- water  area  of  some  17 
square  kilometres  varying  with  tide  and  the  state  of  the  weather 

(Fig.  1). 

The  present  studies  commenced  with  three  limited  surveys  in 
the  summers  of  1972  and  1973  and  winter  1973-74,  followed  by  a 
fifteen  months*  survey  from  October  1974  to  December  1975,  all 
of  which  were  the  subjects  of  unpublished  reports  to  the  Nature 
Conservancy  Council.  In  the  last  of  these  surveys  forty  sites 
scattered  randomly  over  the  area  were  sampled  at  three  month 
intervals  while  five  of  them,  selected  to  represent  the  main  faun- 
istic  regions,  were  also  sampled  monthly.  On  each  occasion  six 
large  cores  (10.16cm.  diameter)  were  taken  per  site  to  a depth 
of  20  cm,  five  for  macrofavnal  and  one  for  sediment  analysis, 
and  also  six  small  cores  (2.52  cm  diameter)  to  a depth  of  10cm, 
three  for  small  worm  and  three  for  carbon  and  nitrogen  analysis. 
A further  survey  was  carried  out  in  1976-77  in  which  a new  set 
of  66  sites  arranged  in  transects  was  sampled  twice  within  the 
year.  The  number  of  cores  per  site  was  reduced  to  half  but  the 
same  data  were  recorded.  No  marked  differences  appeared  bet- 
ween the  surveys  other  than  the  variations  in  numbers  of  animals 
which  might  be  expected  between  seasons  and  from  year  to  year. 
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Figure  2.  Changes  in  the  salinity  and  temperature  of  mud-surface 
water  between  October  1974  and  December  1975  at  the  five  monthly 
sampling  sites. 
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A list  of  species  recorded  is  given  in  Table  1. 

The  composition  of  the  sediments  which  make  up  the  tidal 
flats  could  be  described  as  muddy  sand,  the  sand  grains  being 
mainly  in  the  grades  fine  to  medium  (diameter  0.125  - 0.5mm). 
The  finer  sands,  with  a higher  carbon  and  nitrogen  content, 
tend  to  occur  towards  Erskine  and  at  the  mouth  of  the  River 
Leven,  and  there  are  also  variations  in  the  degree  of  sorting 
associated  with  the  amount  of  water  movement,  but  so  far  it 
appears  that  on  the  whole  the  variations  do  not  significantly 
affect  the  distribution  of  animals;  the  details  are  therefore 
not  included  here.  It  is  worth  noting,  however,  that  the  sur- 
face of  the  deposit  which  is  generally  finer  and  siltier  than 
the  underlying  layers  may  be  specially  important  to  the  animals, 
most  of  which  feed  in  this  layer,  and  its  structure  and  com- 
position are  modified  by  their  numerous  burrows  and  tubes,  and 
by  variable  quantities  of  faecal  material. 

As  in  other  estuaries  the  salinity  of  the  water  is  a major 
factor  determining  the  distribution  of  animals.  It  fluctuates 
considerably  through  the  daily  tidal  cycle  and  is  modified  by 
seasonal  and  climatic  factors  affecting,  for  example,  the  volume 
of  river  flow  and  tidal  movement  (Fig.  2) . The  animals  of  the 
sediment  can  of  course  escape  the  extremes  of  this  fluctuation 
by  withdrawing  into  the  sediment  where  the  salinity  varies  much 
less.  Measurements  made  during  these  surveys  showed,  as  expected, 
that  interstitial  salinities  lie  well  within  the  range  of  sal- 
inities recorded  from  the  channel  water  by  the  Clyde  River  Puri- 
fication Board.  Surface  water  at  low  tide  is  more  variable,  how- 
ever, rising  above  the  interstitial  salinity  during  the  summer 
and  falling  below  it  in  winter  with  differences  in  evaporation 
and  rainfall.  The  distribution  of  some  of  the  more  important 
animals  in  relation  to  the  salinity  pattern  is  illustrated  in 
Fig.  3. 

It  must  be  emphasized  that  other  factors  are  likely  to  play 
a part  in  distribution.  One  of  these  is  the  amount  of  dissolved 
oxygen  in  the  water.  In  polluted  water  oxygen  may  be  rapidly 
used  up  by  bacterial  activity  and  inorganic  oxidation,  espec- 
ially in  warm  weather  and  conditions  of  reduced  river  flow. 
Measurements  by  the  Clyde  River  Purification  Board  have  shown 
that  oxygen  levels  may  drop  to  zero  in  the  channel  water  at 
least  as  far  down  as  Longhaugh  Point.  To  a great  extent  the 
intertidal  animals  are,  however,  protected  from  the  effects  of 
this  by  the  period  of  tidal  exposure  when  the  surface  of  the 
sediment  is  exposed  to  the  air.  Nevertheless  a black  anaerobic 
sulphide  layer  lies  beneath  the  surface  and  the  depth  of  oxidised 
sediment  above  it  may  be  significant  for  the  distribution  of 
some  animals.  This  depth  will  also  vary  seasonally.  In  these 
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studies  the  oxidised  layer  generally  appeared  to  be  deepest  on 
the  south  bank  of  the  estuary,  particularly  opposite  the  mouth 
of  the  River  Leven  which  is  well  known  to  have  a beneficial 
effect  on  the  quality  of  the  estuarine  water. 

The  Distribution  of  Invertebrates 

The  species  included  in  the  main  survey  were  those  that 
might  be  considered  large  enough  to  contribute  a significant 
component  of  the  food  of  birds,  i.e.  those  from  the  size  of 
the  small  worms  upwards.  Others  such  as  small  crustaceans 
and  nematodes  were  not  included,  but  they  were  sometimes  num- 
erous and  their  importance  in  the  system  should  not  be  neglected. 
Among  these  is  the  ostracod  Leotoaythere  pellucida:  a winter 
population  of  this  small  bivalved  crustacean  was  studied  in 
Ardmore  Bay  in  1973-74  by  Mr.  William  Scott  (unpublished) 
where  it  reached  numbers  up  to  48,000  per  sq.  m.  favouring 
well  sorted  fine  sand  (particle  size  0. 125-0 . 250mm) . Summer 
populations  were  certainly  much  larger  than  this  and  it  occ- 
urred in  similar  conditions  further  up  the  estuary.  Harpac- 
ticoid  copepods  are  also  numerous  at  many  sites.  Nematode 
worms  were  coimted,  without  species  identification,  at  the  five 
sites  sampled  monthly  during  1974-75  and  proved  to  be  widely 
distributed,  the  highest  density  recorded  being  over  116,000 
per  sq.m. 

The  distribution  of  the  larger  animals  shows  a marked  in- 
crease in  the  number  of  species  present  from  east  to  west. 
This  is  summarized  in  Table  1.  On  the  basis  of  the  dominant 
animals  the  flats  have  been  sub-divided  as  follows: 

Area  A Immediately  below  Erskine  Bridge  there  is  a spar- 
sely and  patchily  populated  area,  probably  still  affected 
by  the  polluted  condition  of  the  river. 

Area  B An  extensive  area,  carrying  large  populations  of 
rag -worm  Nereis  diver sioolor  and  the  shrimp  Corophium  vo'l'~ 
utator  along  with  the  smaller  worms  Manayunkia  aestuarina 
and  Tubifex  costatus,  terminates  on  the  north  side  2h  - 3km 
west  of  the  mouth  of  the  River  Leven,  beyond  which  these 
species  become  much  more  restricted  to  favourable  patches. 
The  factors  to  which  this  dividing  line  seems  likeliest  to 
be  related  are  salinity  and  oxygen  levels  although  data 
from  this  study  are  not  sufficient  to  establish  the  conn- 
ection beyond  question.  East  of  the  line  the  mean  mud-surface 
salinities  recorded  were  below  22%>  and  the  minimum  often 
S%3  or  less;  west  of  the  line  (with  the  exception  of  one 
site  close  to  a sewage  outfall)  the  mean  salinities  were 
20^  or  more  and  the  lowest  recorded  minimum  was  4^. 
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Table  1 

Systematic  List  of  Invertebrates  and 
Frequency  of  Occurrence 

The  frequency  for  each  area  (see  p.  78)  is  the  percentage 

of  samples 

in  which  each  species  was  recorded. 

All 

1974 

-75 

quarterly  samples  and  1976-77  samples  have  been 

included 

for 

macrofauna. 

The  small  worm  figures  are  froir 

1974-75 

monthly 

samples  and  1976-77  samples.  The  entry  X 

indicates  " 

re- 

corded" . 

Areas 

A 

B 

C 

D 

NEMERTEA 

unidentified  species 

0 

X 

8 

20 

ANNELIDA 

Polychaeta 

Arenioola  marina  L. 

0 

0 

0 

8 

CajpiteZZa  oapitata  (Fabricius) 

0 

0 

7 

38 

Cirratulus  cirratus  (O.F.  Muller) 

0 

0 

0 

2 

Eteone  tonga  (Fabricius) 

0 

2 

24 

22 

Fahrioia  sab&lta  (Ehrenberg) 

0 

1 

14 

38 

Manayunkia  aestuccrina  (Bourne) 

100 

98 

79 

48 

Eephthys  hombergi  Lamarck 

0 

0 

0 

23 

Nereis  diversioolor  (O.F.  Muller) 

77 

100 

78 

41 

Phyllodooe  macutata  L. 

0 

X 

2 

20 

Pctydora  oitiata  (Johnston) 

0 

0 

7 

1 

Pygospio  elegans  Claparede 

0 

45 

57 

58 

Sootelepis  oitiata  (Keferstein) 

0 

0 

2 

0 

Sootoptos  armiger  (O.F.  Muller) 

0 

X 

0 

28 

Strehtospio  skrubsotii  (Buchanan) 

0 

16 

0 

0 

Oligochaeta 

Lumbricittus  tineatus  (Muller) 

13 

24 

21 

lo 

Nais  etinguis  (Muller) 

0 

1 

0 

0 

Paranais  tittoratis  (Muller) 

87 

40 

21 

15 

Petosootex  benedeni  (Udekem) 

0 

11 

64 

69 

Tuhifex  oostatus  Claparede 

100 

98 

93 

57 

CRUSTACEA 

Batanus  batanoides  L. 

0 

0 

22 

13 

Bathyporeia  sp. 

0 

0 

0 

7 . 

Caroinus  maenas  L. 

8 

8 

33 

26 

Corophium  votutator  Pallas 

77 

100 

70 

37 

Crangon  arangon  L 

0 

2 

0 

8 

Gammarus  sp. 

0 

X 

15 

11 

Idotea  ohelipes  (Pallas) 

0 

1 

4 

5 

Jaera  dlbifrons  Leach 

0 

0 

/ 

4 

Metita  patmata  Montagu 

0 

X 

7 

2 

Spkaeroma  rugioauda  Leach 

8 

9 

7 

1 
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Table  1 (contd)  Areas 

A 

B 

C 

D 

MOLLUSCA  Aamaea  tessulata  (Muller) 

0 

0 

4 

1 

Cerastoderma  edule  L. 

0 

X 

13 

40 

Eydvobia  ulvae  (Pennant) 

60 

78 

89 

87 

Lepidoohdtona  odnereus  L. 

0 

0 

0 

1 

Littorina  littovea  L. 

0 

4 

26 

16 

Littordna  tittoralis  L. 

0 

1 

4 

1 

Littovina  saxatilis  (Olivi) 

0 

4 

9 

13 

Maooma  hatthdoa  L. 

8 

44 

80 

58 

Mytitus  edulis  L. 

0 

X 

20 

11 

Retusa  alba  (Kanmacher) 

0 

0 

0 

2 

Tellina  tenuis  da  Costa 

0 

0 

0 

4 

Total  species  recorded  41: 

10 

29 

31 

38 

Total  samples  (macrofauna) 

13 

136 

46 

92 

Total  samples  (small  worms) 

15 

89 

14 

65 

It  should  be  noted  that  lower  frequencies 

in 

area 

D may 

be 

partly  explained  by  the  greater  habitat  diversity 

in  this  area. 

Table  2 Distribution  of  Invertebrates  and  Feeding  Habits 

in  the  Estuary 


Analysis  of  feeding  habits  is  confined  to  those 

species 

occurring  in  10%  or  more  of  samples  from  the  area. 

Areas  (East  to  West)  A 

B 

C 

D 

Total  species  recorded  10 

29 

31 

38 

More  frequent  species  7 

11 

18 

24 

Deposit  feeders  3 

4 

4 

6 

Surface  deposit  feeders  3 

6 

7 

7 

Mixed  feeder  1 

1 

1 

1 

Suspension  feeders 

- 

3 

3 

Surface- grazing  herbivores 

- ■ 

1 

2 

Carnivores 

- 

2 

5 

These  figures  emphasize  the  importance  of  the  deposit. 

and 

particularly  the  better  oxygenated  surface  layer. 

as  a source  of 

food  for  invertebrates.  This  becomes  even  more  obvious  if  the  re- 

lative  densities  and  weights  of  these  species 

are  taken 

into 

account. 
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Area  C An  area  intermediate  in  its  characteristics  between 
the  previous  one  and  the  more  maritime  conditions  to  the 
west  has  as  its  most  typical  species  the  mud  snail  Hydrobia 
uZvae  which,  although  present  in  the  eastern  part,  is  most 
abundant  in  the  western  part  of  the  estuary.  The  little 
bivalve  Maooma  batthioa  is  also  characteristic  of  this  area. 
The  main  species  present  in  the  eastern  part  still  occur  in 
patches  but  the  small  worm  Pygosp-io  etegans  is  numerous. 
The  tiny  fan-worm  PabTioia  sabeZta  which  is  abundant  on 
nearby  rock  and  other  surfaces  (Smyth  1973)  also  occurs  in 
large  numbers  in  the  sediments  in  certain  patches.  Studies 
by  Mr.  Keith  Wilson  (unpublished)  have  shown  that  in  this 
estuary  at  least  its  distribution  in  sediments  is  associated 
with  the  presence  in  the  sand  of  larger  pebbles  or  shell 
fragments,  indicating  poorly  sorted  sediments,  to  which  the 
tubes  of  the  worms  are  attached. 

Area  D The  outermost  area  contains  more  maritime  sand- 
dwelling  animals  e.g.  the  cockle  Cerastoderma  edule,  the 
lug-worm  Arenloota  mari-na,  the  cat-wonn  Nephthys  hombergi, 
the  worm  Saoloptos  arnriger  and  the  paddle-worm  Phyllodoce 
maculata.  The  area  also  includes  substantial  beds  of  the 
mussel  Mytilus  edulis  especially  on  Pillar  Bank  and  on  the 
south  side  of  the  channel  near  Port  Glasgow. 

In  both  areas  C and  D the  mussel  beds,  along  with  an  inc- 
rease in  the  number  of  stones  carrying  attached  fucoid  and  other 
algae,  provide  a habitat  for  various  epifaunal  species  such  as 
winkles  Littorina  spp. , shore  crabs  Carcinus  maenas^  barnacles 
Balanus  balanoZdes , the  sea  slater  Idotea  chelipes  and  others. 

As  already  suggested  the  salinity  of  the  water  is  an  impor- 
tant factor  controlling  this  distribution  of  animals.  The  sal- 
inity relationships  illustrated  in  Fig.  3 correspond  well  with 
those  recorded  for  the  same  species  in  other  estuaries.  Another 
factor  is  the  increasing  diversity  of  habitat  noted  above.  A 
third  factor  is  the  nature  of  the  animals'  food  resources.  In 
the  upper  part  of  the  estuary  the  amount  of  organic  matter  is 
high,  with  accompanying  high  populations  of  micro-organisms. 
Such  conditions  favour  animals  adapted  to  feed  on  deposited 
material  either  in  the  sediment  or  re-suspended  in  the  water. 
Possibly  the  conditions  also  favour  relatively  mobile  animals 
which  can  on  occasion  move  away  from  unfavourable  conditions 
which  may  arise  as  a result  of  rapid  decomposition  and  removal 
of  oxygen.  The  high  density  of  these  animals  and  of  their  tubes 
and  burrows  together  with  the  effects  these  may  have  on  the 
texture  of  the  sediment  by  sorting  of  particles,  accumulation 
of  faecal  pellets,  secretion  of  mucus  and  increase  of  water,  some 
of  it  circulating  by  feeding  and  respiratory  movements,  com- 
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Miles  below  Glasgow  Bridge 
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Nereis  diversicolor 
Corophium  volutator 
Tubifex  costatus 
Manayunkia  aestuarina 

Pygospio  elegans 
Hydrobia  ulvae 

Peloscolex  benedeni 

Macoma  balthica 
Arenicola  marina 
Mytilus  edulis 
Cerastoderma  edule 


Figure  3.  Mean  salinities  of  channel  surface  and  bottom  water 
(figures  kindly  supplied  by  the  Clyde  River  Purification  Board) 
and  of  interstitial  water  (figures  from  the  present  study)  be- 
tween Erskine  and  Greenock,  together  with  distribution  of  the 
main  invertebrate  species. 
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bine  to  produce  a distinctive  habitat  which  may  be  unfavourable 
to  other  species  tolerant  of  the  salinity  conditions  (Fig.  4) . 

An  attempt  has  been  made  to  show  the  relative  importance 
of  different  feeding  methods  in  Table  2.  A distinction  has  been 
drawn  between  deposit  feeders  which  ingest  the  deposit  directly 
(e.g.  Arenioota,  oligochaete  worms) , and  surface  deposit  feeders 
which  appear  to  be  more  selective  (e.g.  Eydrobia^  Macoma^  Covo- 
’phimri)  or  make  greater  use  of  re-suspended  material  (e.g.  Mana- 
yunkia^  PygospiOj  Fahrioia) . Suspension  feeders  in  this  table 
are  those  such  as  mussels  and  cockles  which  draw  water  more 
from  above  the  sediment  (the  dividing  line  is  somewhat  artificial) , 
while  the  opportunistic  Nereis  diversiootor  which  combines  deposit 
and  suspension  feeding  with  predatory  carnivorous  habits  is  des- 
cribed as  a mixed  feeder.  It  should  be  noted  that  the  main 
predators  of  this  fauna  are  probably  fish  and  birds,  both  of  them 
tidal  migrant  groups  operating  at  high  and  low  tide  respectively 
from  outside  the  system.  The  fish  have  not  so  far  been  studied, 
but  are  known  to  include  flounders,  sufficient  to  attract  feeding 
cormorants . 

The  Influence  of  Pollution 

It  has  been  pointed  out  elsewhere  (Smyth  et  al. , 1974)  that 
the  distribution  of  both  plants  and  animals  in  the  estuary  can  be 
related  to  levels  of  pollution  as  assessed  by  the  Clyde  River 
Purification  Board  from  studies  of  the  channel  water.  This  re- 
lationship is  most  evident,  however,  for  the  algae  (Wilkinson,  1974) 
and  for  the  animals  of  hard  surfaces  (Smyth,  1973) . For  reasons 
already  mentioned  the  infauna  of  the  tidal  flats  is  to  some  ex- 
tent protected  from  the  effects  of  pollution  and  adapted  to  benefit 
from  the  organic  enrichment  of  the  sediments  to  which  efflue- 
nts must  contribute.  Thus  it  might  be  argued  that  the  rich  inver- 
tebrate fauna  of  Area  B partly  benefits  from  this  input. 

On  the  other  hand  it  is  likely  that  certain  pollutants  have 
deleterious  effects  here  as  elsewhere.  The  accumulation  of  heavy 
metals  may  eliminate  some  species;  it  has  been  suspected  that 
in  parts  of  the  flats  locally  depleted  faunas  may  have  been 
brought  about  by  small  patches  of  oil . But  it  is  not  yet  possible 
to  be  very  specific.  The  fauna  as  a whole  exhibits  characteri- 
stics associated  with  environmental  stress  - a small  number  of 
species,  low  diversity,  short  life  cycles,  high  productivity, 
lack  of  permanent  structures  or  complex  relationships  and  so  on. 
Natural  stressors,  notably  salinity  and  temperature  fluctuation, 
are,  however,  also  present  and  their  effects  cannot  readily  be 
separated  from  those  of  pollution  stress.  The  assessment  of 
pollution  is  often  attempted  through  identification  of  indicator 
species  or  communities.  There  is  much  dispute,  however,  as  to 
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Figure  4.  Section  through  sediment  surface 
(natural  size)  to  show  the  effect  of  the 
fauna  on  structure  and  oxidation  (lighter 
areas) . 
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which  mud-flat  species  should  be  so  recognised.  The  most 
widely  acknowledged  marine  pollution  indicator,  the  polychaete 
worm  Capitetla  oapitata^  along  with  the  oligochaetes  Tubifex 
Gostatus  and  Varanais  Httordlis  which  are  also  commonly  assoc- 
iated with  pollution,  occur  in  the  grossly  polluted  upper  estu- 
ary above  Erskine  (Henderson  and  Mackay,  1977)  but  their  distrib- 
ution in  the  tidal  flats  cannot  be  readily  related  to  this 
factor. 

Further  down  the  estuary,  in  Areas  C and  D,  the  effects  of 
pollution  are  still  evident  in  the  form  of  nutrient  enrichment, 
resulting  in  enhanced  seasonal  growth  of  algae  notably  the  green 
algae  EnteTomoryha  spp.  Thick  mats  of  this  plant  form  particul- 
arly on  the  north  side  of  the  estuary,  blanketing  the  sand  surface, 
and  are  even  giving  cause  for  concern  on  shores  further  out  in 
the  Firth,  e.g.  on  Bute,  where  they  are  considered  to  diminish 
the  amenity  value  of  holiday  beaches.  Perkins  and  Abbot  (1972) 
discussed  the  effects  of  this  form  of  eutrophication  on  the 
shore  at  Ardmore  when  during  a hot  spell  in  late  summer  the 
decaying  algae  caused  mortality  of  shellfish  {Cerastoderma  and 
Macoma) . It  is  possible  that  the  reduced  and  patchy  distribution 
of  the  infauna  on  parts  of  the  north  shore  may  be  related  to 
these  effects. 

Seasonal  Change  in  the  Fauna 

Perhaps  the  main  benefit  derived  from  the  monthly  sampling 
programme  of  1974-75  was  the  general  picture  it  gave  of  fluc- 
tuations in  the  populations  of  the  most  important  species.  It 
would  clearly  be  unwise  to  draw  conclusions  regarding  seasonal 
phenomena  from  15  months’  sampling.  Both  Nereis  and  Corophium 
numbers  and  biomass  (Fig.  5)  show  a decline  from  winter  to 
spring  to  which  bird  predation  must  contribute.  The  small  worms, 
which  are  less  significant  as  food  for  the  main  bird  flocks 
(except  possibly  Sheld-duck) , do  not  show  such  a marked  decrease. 
The  sharp  fall  in  Nereis  numbers  between  March  and  April  will 
also  be  associated  with  spawning;  the  females  release  their 

by  rupture  of  the  body  wall  and  then  die.  It  is  tempting 
to  link  the  August  dip  in  Nereis  numbers  with  predation  by 
Black-headed  gulls  which  congregate  on  the  eastern  area  of  the 
estuary  at  this  time  in  numbers  rising  to  over  30,000,  and  have 
been  observed  feeding  on  Nereis.  It  is  possible  that  the  worms 
are  more  readily  accessible  at  this  time  as  a result  of  high 
summer  temperatures  and  salinities  and  reduced  oxygen  levels, 
but  this  requires  study.  The  summer  dip  in  Corophivm  numbers 
might  also  be  linked  with  adverse  conditions  since  there  is 
evidence  both  from  this  survey  and  others  that  Corophium  dis- 
tribution may  be  associated  with  depressed  dissolved  oxygen 
levels.  Most  species  show  a rise  in  the  autumn  towards  peak 
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Mean  Biomass 
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Nereis  diver sicolor 


Figure  5(a):  Changes  in  the  population  of  Nereis  diversiaolor^ 
by  weight  and  by  numbers,  between  October  1974  and  December 
1975.  (No  data  were  obtained  in  December  1974  because  of  stormy 
weather).  Figures  are  mean  values  from  monthly  sampling  sites. 
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Figure  5(b):  Changes  in  the  population  of  Covophium  volutator^ 
by  weight  and  by  numbers,  between  October  1974  and  December 
1975.  (No  data  were  obtained  in  December  1974  because  of  stormy 
weather).  Figures  are  mean  values  from  monthly  sampling  sites. 
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populations . 

The  Invertebrates  as  a Food  Resource 

To  appreciate  the  role  of  the  invertebrate  populations  in 
sustaining  populations  of  higher  predators  - in  the  present  con- 
text, birds  - both  the  density  of  the  animals  and  their  size 
must  be  considered.  These  relationships  have  recently  been  dis- 
cussed by  Goss-Custard  et  al.  (1977).  Composite  figures  for 
Clyde  Estuary  studies  appear  in  Table  3,  and  the  relative  impor- 
tance of  different  members  of  the  fauna  is  indicated  in  Fig.  6. 

Clearly  the  main  food  species  for  birds  in  this  estuary  must 
he  Nereis j Cor ophiumj  Hydrobia^  Mytilus  and  possibly  the  small 
worms,  and  all  are  available  in  substantial  quantities.  Although 
Nereis  and  Corophium  occur  together  in  the  eastern  area  their  dis- 
tributions within  that  area  are  not  correlated  and  this  should  be 
borne  in  mind  when  considering  bird  distribution.  Nereis  is 
distributed  relatively  evenly  in  the  eastern  area,  the  maximum 
number  recorded  - 9251  per  sq.m.  - being  made  up  of  small  worms. 
The  maximum  biomass  recorded  was  64.8  g per  sq.m,  dry  weight. 
The  figures  indicate  a high  population  density  when  compared 
with  other  estuaries  e.g.  3000  per  sq.m,  in  the  Tamar  (Spooner 
and  Moore,  1940),  1200  per  sq.m,  in  the  Towy  (Howells,  1964), 
750  per  sq.m,  in  Morecambe  Bay  (Anderson,  1972). 

The  distribution  of  volutator  is  much  more  patchy 
than  that  of  Nereis,  and  thus  less  easy  to  assess  accurately. 
The  maximum  count  of  28,000  per  sq.m,  and  maximum  biomass  of  12. 5g 
per  sq.m,  dry  weight  may  be  compared  with  24 ,000  per  sq.m,  from  the 
Cheshire  Dee  (Stopford,  1951),  11,000  per  sq.  m.  from  the  Tamar 
(Spooner  and  Moore,  1940)  and  8,700  per  sq.m,  from  Morecambe  Bay 
(Anderson,  1972).  a wZyae  had  a maximum  of  29,600  per  sq.m, 
in  the  present  survey,  which,  although  comparable  with  maxima  re- 
corded elsewhere  (e.g.  20,050  per  sq.m,  by  Goss-Custard  in  the 
Ythan,  1970)  is  far  below  the  densities  up  to  60,000  per  sq.m, 
recorded  by  McLusky  et  al.  in  the  Forth,  (1976).  Higher  maximum 
densities  of  Hydrobia  were  in  fact  recorded  by  Hunter  and  Hunter 
who  surveyed  the  area  between  Ardmore  Bay  and  Ardoch,  including 
the  Pillar  Bank,  in  1962.  They  assessed  the  population  on  the 
basis  of  two  regularly  occurring  density  levels  with  means  of 
5,443  and  7,954  individuals  per  sq.m.,  but  found  patches  up  to 
42,000  per  sq.m,  in  drainage  channels.  However  this  animal  has 
a patchy  distribution  and  the  western  area  in  which  the  highest 
densities  have  been  recorded  was  not  so  intensively  covered  by 
the  present  survey  as  the  eastern  area.  It  would  be  unsafe, 
therefore,  to  assume  that  these  variations  were  due  to  major 
fluctuations  in  the  population. 

An  important  food  organism  in  other  estuaries  is  Maooma  bal- 
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thioa  but  in  this  area,  although  widely  distributed  it  was  re- 
latively low  in  density,  the  highest  recorded,  540  per  sq.m. , being 
much  less  than  the  numbers  normally  occurring  in  Morecambe  Bay 
(Anderson,  1972).  This  may  account  for  the  unpopularity  of  the 
Clyde  with  the  Knot  Calidris  oanutus.  Another  important  bivalve 
Cerastodemia  edule  only  occurred  sparingly  towards  the  western 
end  of  the  north  bank. 

No  attempt  was  made  to  assess  the  populations  of  Mytilus 
during  the  current  survey.  The  significance  of  the  smaller 
polychaetes  and  oligochaetes  as  food  organisms  in  the  estuary  is 
uncertain,  but  it  seems  likely  that  they  may  at  least  be  a sig- 
nificant component  of  the  food  of  Sheld-duck  and  other  ducks. 

The  Distribution  of  Feeding  Birds 

The  numbers  of  wintering  birds  at  roosts  in  the  Clyde  Est- 
uary have  been  counted  regularly  in  recent  years  for  the  birds  of 
estuaries  enquiry,  and  in  1976-77  the  wader  population  increased, 
possibly  as  a result  of  a cold  northern  winter . Their  feeding  dis- 
tribution has,  however , been  less  clearly  defined.  Between  Sep- 
tember 1976  and  September  1977  regular  daytime  counts  of  feeding 
birds  were  made  from  shore  hides,  over  the  tidal  cycle  and  in  all 
parts  of  the  tidal  flats  except  the  Pillar  and  Cockle  Banks  which 
proved  inaccessible  for  this  type  of  observation  (Fig.  7) . A 
full  analysis  of  the  mass  of  information  obtained  during  this 
survey  will  be  published  separately,  but  some  general  conclusions 
can  be  reported  here  concerning  the  relationship  of  bird  to  in- 
vertebrate distribution. 

The  Redshank  Tringa  totanus  is  undoubtedly  the  most  impor- 
tant wader  population  on  the  Inner  Clyde,  with  a peak  of  over 
9,700  birds  in  November  1976.  The  estuary  is  therefore  internat- 
ionally important  for  this  species  (Prater,  1973)  supporting  almost 
8%  of  the  West  European  population  and  over  12%  of  the  British  pop- 
ulation at  this  time  of  year . Only  three  other  estuaries,  the  More- 
cambe Bay  complex,  the  Dee  and  the  Wash,  are  reported  to  hold 
concentrations  of  over  5000  birds.  It  is  distributedwidely  over 
the  whole  estuary  with  the  highest  concentrations  on  the  south 
bank.  There  appears  to  be  a positive  correlation  with  //epefs/ 
Coroghium.  In  his  studies  of  Redshank  feeding  behaviour  Goss- 
Custard  (1969,1970)  has  shown  that  they  are  most  numerous  in 
areas  of  high  prey  density  where  their  feeding  efficiency  is 
greatest.  On  the  Y than  estuary  80%  or  more  of  their  food  consists 
of  CoToph'iwn  and  their  distribution  is  positively  correlated  with 
it.  The  presence  of  Nereis  and  Maeoma  is  also  significant,  how- 
ever, as  these  increase  in  relative  importance  in  the  diet  during 
cold  weather  when  Corophiim  becomes  inactive.  During  the  winter 
months  night  feeding  is  essential  to  maintain  an  adequate  food 
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intake  and  then  the  main  food  organisms  (apart  from  food  ob- 
tained inland)  are  the  molluscs  Hydrohia  and  Maooma.  If  the 
food  preferences  of  Redshank  on  the  Clyde  are  the  same  as  those 
on  the  Ythan  the  large  winter  flock  is  readily  explained 
(Fig.  8) . As  well  as  being  more  extensive  these  feeding  grounds 
appear  to  carry  higher  densities  of  the  main  food  organisms 
than  those  of  the  Ythan.  Relatively  little  inland  feeding  by 
Redshank  is  reported  in  the  Clyde  area  and  it  may  well  be  that 
the  mudflats  are  rich  enough  to  supply  all  the  needs  of  the 
wintering  birds. 

Greenshanks  Trdnga  nebutaida  occur  only  in  small  numbers. 
However,  the  Clyde  estuary  is  probably  the  most  important  es- 
tuary in  Scotland  for  wintering  and  passage  birds.  The  peak 
mid-winter  count  was  29  with  numbers  greater  than  40  during 
passage. 

The  nationally  important  winter  flocks  of  the  Dunlin 
dt'p'ina  (over  9000  birds  in  February  1976)  are  more  patchily  dis- 
tributed (Fig.  9),  moving  frequently  from  one  area  to  another. 
Their  distribution  may  be  related  to  those  of  Hydrobia  and  Cov- 
oiph-iim/TdeTeds. 

Oystercatchers  Haematopus  ostralegus^  also  a nationally  im- 
portant population  (some  4000 were  recorded  by  Mr.  Iain  Gibson  in 
1975),  rise  to  a peak  in  mid-winter.  In  contrast  to  the  Redshank 
and  Dunlin  which  feed  throughout  the  period  of  tidal  exposure, 
Oystercatchers  on  the  Clyde  seem  able  to  obtain  enough  food 
during  a few  hours  before  and  after  low  water.  They  have  been 
seen  waiting  until  Pillar  Bank  was  exposed  before  leaving  their 
roost  at  Ardmore,  only  two  hours  before  low  tide.  It  seems 
likely  therefore  that  the  mussel  beds  are  an  important  resource 
for  this  species,  although  they  feed  widely  over  other  parts  of 
the  estuary.  Like  the  Redshank  they  have  not  been  reported  feed- 
ing extensively  inland  in  this  area. 

Lapwings  Vanettus  wane IZ-ws  reach  maximum  numbers  (some  7000 
in  1973)  in  hard  weather  when  the  fields  are  frozen.  They  are 
most  numerous  in  Area  B but  spread  out  over  the  flats,  unlike 
other  species  which  tend  to  follow  the  tide  line. 

Curlews  Numenius  arquata  occur  more  sparsely  on  the  outer 
flats  where  they  may  be  feeding  on  Nereis.  Like  the  Oyster- 
catcher  they  spend  less  time  feeding  than  some  other  species. 
Rising  to  over  700  birds  they  also  are  nationally  important. 

Sheld-ducks  Tadoma  tadoma  (Fig.  10)  vary  in  numbers  but 
in  some  years  at  least  constitute  a flock  of  international  im- 
portance (i.e.  over  1250  birds).  Their  western  feeding  grounds 
may  be  associated  with  which  is  known  to  be  an  important 

food  organism  for  this  species  elsewhere,  but  in  the  upper  part 
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SHELDUCK  (Mid-Winter  1976-77) 
(Feeding  Hours  per  12. 5h  Tidal  Cycle) 
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of  the  flats  it  seems  likely  that  the  small  worms  form  a major 
part  of  their  diet. 

A large  flock  of  Eiders  Somateria  iwllissima,  up  to  3,000 
birds,  feeds  on  the  Pillar  Bank,  presumably  on  the  mussel  beds. 

Black-headed  Gulls  Larus  ridibunduB  gather  during  August 
in  numbers  exceeding  30,000  on  the  upper  part  of  the  flats  east 
of  Dumbarton  and  Langbank.  This  gathering  of  non-breeding  birds 
is  apparently  second  only  to  that  on  the  Wash.  The  probable 
association  with  Nereis  has  already  been  noted.  The  nimibers 
drop  in  October  but  build  up  again  in  mid-winter. 

In  general  the  feeding  distribution  of  birds  accords  well 
with  that  of  the  main  food  organisms.  In  assessing  these  re- 
lationships other  factors  must,  of  course,  be  taken  into  account. 
Weather  appeared  to  have  little  influence  on  bird  distribution 
during  the  present  study  but  observations  at  night  were  not 
possible  and  the  feeding  activity  of  birds  during  the  hours  of 
darkness  is  unknown  in  this  estuary.  In  mid-winter  especially 
it  may,  however,  be  important  for  some  species  at  least  (see, 
for  example,  Goss-Custard* s observations  on  the  Ythan,  1970). 
The  effects  of  human  disturbance  may  also  be  significant  in 
some  places,  although  observations  made  during  this  survey  did 
not  correlate  very  clearly  with  bird  distribution. 

Conclusions 

While  there  were  no  specific  studies  of  the  actual  food 
eaten  by  particular  species,  observations  made  during  the  survey 
together  with  what  is  known  of  feeding  habits  of  the  major  species 
elsewhere,  enable  a tentative  network  of  the  more  important  food 
relationships  to  be  drawn  up  (Fig.  11).  It  is  not,  of  course, 
complete,  one  major  omission  being  the  predatory  fish  population 
of  which  studies  are  now  being  commenced.  No  account  has  been 
taken  of  separation  between  bird  species  according  to  the  pre- 
ferred species  or  size  of  prey. 

In  quantitative  terms  the  estuary  offers  to  its  wintering 
birds  substantial  populations  of  major  food  organisms.  Nereis 
and  Corophium  which  are  of  particular  importance  to  the  wader 
population  are  concentrated  in  the  eastern  part  of  the  region 
(Area  B) . On  the  basis  of  the  1974-75  monthly  figures  their  dry 
weights  may  rise  to  300  and  45  metric  tonnes  respectively  at  the 
start  of  the  winter  season  and  fall  to  90  and  12  tonnes  by  the 
Spring.  Predation  must  be  a major  contributor  to  this  decline. 
Some  recruitment  to  the  food  population  by  growth  of  young  in- 
dividuals must  also  be  allowed  for.  If  during  the  six  months 
October-April  we  were  to  assume  a mean  Redshank  flock  of  5000  birds 
each  consuming  16g.  of  Corophium  daily  (based  on  Goss-Custard ' s 
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studies  in  the  Ythan) , then  the  total  demand  over  the  period  by 
this  species  might  be  in  the  order  of  14  metric  tonnes.  This  very 
rough  estimate  may  not  make  sufficient  allowance  for  other  food 
items,  while  consumption  by  other  predators  would  need  to  be 
added  to  it,  but  it  is  not  out  of  keeping  with  the  observed  range 
of  fluctuation  of  Corophium  in  the  Clyde. 

Although  further  studies  would  be  needed  to  establish  the 
time  relationships  it  seems  quite  probable  that  the  main  inver- 
tebrate populations  are  maintained  at  their  existing  level  by 
the  feeding  pressure  of  their  predators,  especially  birds,  rather 
than  by  their  own  food  supply  which,  in  this  enriched  estuary, 
is  likely  to  be  in  excess  of  their  requirements. 

Although  the  invertebrate  populations  of  the  tidal  flats 
appear  to  be  adequate  to  sustain  the  important  wintering  bird 
flocks  there  is  no  evidence  of  a large  surplus  of  food  items,  and 
it  might  be  assumed  that  invertebrates  and  birds  (and  other  pre- 
dators) are  in  a state  of  balance.  The  prospect  of  any  loss  of 
bird  feeding  area  through  land  reclamation  or  waste  disposal  thus 
becomes  serious.  It  is  unlikely  that  birds  could  meet  their  re- 
quirements simply  by  moving  to  another  part  of  the  flats  and  the 
bird  population  would  probably  be  reduced  in  proportion  to  the 
amoimt  of  prime  feeding  ground  lost.  It  must  also  be  borne  in 
mind  that  a density  of  food  organisms  sufficient  to  give  feeding 
birds  an  economic  return  for  feeding  effort  is  not  the  only  fac- 
tor determining  where  birds  choose  to  feed.  The  possible  effects 
of  disturbance  which  must  be  considered  in  an  area  with  a large 
human  population,  including  a proportion  of  week-end  sharpshoot- 
ers, have  already  been  noted.  Goss-Custard  (1977)  has  also  shown 
that  even  where  the  food  supply  is  rich  the  birds  themselves  will 
not  feed  above  a "ceiling"  density  and  thus  require  a sufficient 
area  over  which  to  spread. 

The  tidal  flats  of  the  Clyde  Estuary  emerge  from  these  sur- 
veys as  an  area  of  great  interest  and  great  biological  importance. 
Much  remains  to  be  learned  about  their  biology  but  as  a wild-life 
area  they  deserve  to  be  cherished  by  all  concerned  for  the  natural 
environment  of  the  region. 
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SHORT  NOTES 

CANADA  GEESE  BREEDING,  AND  OTHER  GEESE  WINTERING.  ON  ISLAND  OF 
COLONSAY 

In  1934  I went  to  Colonsay  as  gamekeeper  to  Lord  Strathcona. 
At  that  time  very  few  geese  ever  wintered  on  the  island.  Flocks 
were  regularly  seen  passing  overhead,  but  few  of  these  geese 
landed  on  Colonsay,  or  if  they  did  they  only  remained  a very 
short  time.  Lord  Strathcona  asked  me  if  I knew  of  any  way  to 
persuade  the  geese  to  winter  on  the  island  and  so  improve  the 
wildfowling.  I suggested  that  if  some  Canada  Geese  Branta  oana- 
densis  were  introduced  they  might,  because  of  their  loud  calls, 
persuade  some  of  the  migrating  geese  to  land  and  remain.  Success 
could  not  be  guaranteed  but  the  experiment  was  at  least  worth 
trying. 

Towards  the  end  of  1934,  therefore,  two  pinioned  pairs  of 
Canada  Geese  were  introduced.  These  bred  successfully  and  they 
and  their  descendents  steadily  increased,  so  much  so  that  when  I 
left  the  island  in  1968  there  was  a total  stock  of  65  Canada 
Geese  with  steady  breeding  success,  and  as  far  as  I understand 
the  position  is  just  as  satisfactory  today.  The  success  of  the 
Canadas  in  attracting  migrating  geese  was  quite  outstanding.  A 
few  Greylags  Anser  anser  were  the  first  to  remain;  over  the 
years  their  numbers  steadily  increased  and  other  species  also 
arrived.  Wildfowling  in  winter  improved  out  of  all  recognition, 
and  again  when  I left  the  island  in  1968  the  average  winter  pop- 
ulation of  geese  on  Colonsay  was  some  six  hundred  Greylags,  two 
hundred  White-fronts  Anser  alhifrons  and  four  hundred  Barnacles 
Branta  Zeuoo'ps'is.  Malcolm  Clark 


THE  ROMANS  AND  STRATHCLYDE:  Addendum 

An  ancient  road,  located  south  west  of  Loudoun  Hill  in 
February  1976,  has  now  (June  1976)  been  traced  in  a north-north- 
west direction  for  over  six  miles  in  the  general  direction  of 
Barochan  Hill.  It  has  all  the  characteristics  of  Roman  constru- 
ction. Frank  Newall 
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REQUESTS  FOR  INFORMATION 

AN  ATLAS  OF  CLYDE  VERTEBRATES 

As  many  readers  will  already  know,  for  many  years  the  Clyde 
Area  Branch  of  the  Scottish  Wildlife  Trust  has  been  actively  in- 
volved in  the  recording  of  all  Clyde  vertebrates  on  the  basis 
of  10-kilometre  squares,  and  is  working  in  close  cooperation  with 
the  Biological  Records  Centre  of  the  Nature  Conservancy  based  at 
Monks  Wood  in  Huntingdon.  The  survey  covers  all  vertebrates,  i.e. 
mammals,  breeding  birds,  reptiles,  amphibians  and  freshwater 
fishes,  throughout  the  entire  Clyde  faunal  area  - Ayrshire,  Ren- 
frewshire, Lanarkshire,  West  Stirling,  Dunbartonshire,  Buteshire 
and  South  Argyll  (Kintyre,  Knapdale,  Cowal,  and  Upper  Loch  Fyne) 
- which  altogether  contains  some  170  10-kilometre  squares.  Ver- 
tebrate Atlases  for  Renfrewshire,  Kintyre,  and  the  Island  of 
Arran,  and  detailed  surveys  of  Clyde  breeding  birds  and  mammals, 
have  already  been  published,  and  Atlases  for  Cowal  and  Bute  are 
in  an  advanced  state  of  preparation. 

The  survey  deals  with  all  species  recorded  during  the  19th 
and  20th  centuries,  and  classifies  all  changes  in  quarter  cen- 
turies, i.e.  from  1800  to  1975.  Ultimately  it  is  hoped  to  pub- 
lish a complete  Atlas  of  Clyde  Vertebrates.  The  survey  is  being 
supervised  by  the  Branch  Chairman,  Dr.  J.A.  Gibson,  Foremount 
House,  Kilbarchan,  Renfrewshire.  If  any  observers  feel  they  can 
assist  in  any  way  with  a particular  area  Dr.  Gibson  will  be  glad 
to  send  a copy  of  the  master  card(s)  for  any  relevant  square (s) 
to  show  what  is  already  on  record. 


Most  unfortunately,  owing  to  a printing  oversight  the  follow- 
ing illustrations  - Figures  1 and  2 - were  accidentally  omitted 
from  Mr.  Frank  Newall's  paper  on 

Renfrewshire  in  Prehistory:  The  Bronze  Ages 

Western  Naturalist , 5:  81-105;  1976. 

They  should  be  inserted  between  pages  88  and  89. 
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Figure  1:  Burial  and  Ritual  sites 
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Figure  2;  Dwellings  and  Artefacts. 
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